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Abstract of JP20031 79550 

PROBLEM TO BE SOLVED: To obtain an 
optical repeater in which deterioration of 
waveform due to SPM-GVD effect can be 
compensated readily without designing/ 
manufacturing a light dispersion compensator 
depending on individual transmission lines, 
labor and time required for configuring an 
optical communication system are reduced 
and the cost is also reduced. 
SOLUTION: The optical repeater comprises a 
section for dividing the wavelength of light, a 
first optical amplifying section for amplifying 
the light subjected to wavelength division, a 
section for compensating dispersion of an 
optical signal amplified at the first optical 
amplifying section, a second optical amplifying 
section for amplifying an optical signal 
outputted from the dispersion compensating 
section, and an optical multiplexing section 
receiving the output from the second optical 
amplifying section. 
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ztKztzftmtti. #(£&§£§. 

[00013 (IK) 

m 

mmm 

■ m i $mm<r>wm 01-04) 

■ m2mmmcr>mm (M5 ) 
■%3mmmcowffl me, mi) 
•nAmnsnrtsm (08) 
■msmmmm^mm (09) 

• ft 6 XtMkOKg (010-012) 
■ mmemntm (ii 3-02 2 > 

■ m8mmm<7>w*n (02 3-02 5 > 

-ft9ltM0B!BnK91(H2 6) 

•ftl OgfttgffiOKffl (02 7) 

•mi lUMS^JB^BB (02 8H13O) 

• 9 1 2mmmmw (031 -03 3 > 

• mi 3HM^c7)iKBH (03 4~H3 6 ) 

• « 1 4mtmmmm < 0 3 7-04 0 > 

• ftl 53gtfiBffi0RiH (04 1-04 3 ) 
[0002] 

immtmmm *#phi. *7W a<^# 

& k k fcJCs WiHTxiHr^A H-7**7 r-f ^SHI 
(Er-Doped FiberAmplifier : JJTF. EDFAk^d ) 

BKk £S3Kk <ttWIRBH*>--p-Cft 1 1 BffiffllSlfl 
kifcfttfti (SftflKMK) tnHSESMSk (OT. SPM 

[0003] 

0, SlftT't;^. 4Gb/sc7)3t3i<i^XrA 



[0004] 3lSHix^r A^SiftW^rffik LT 
£tt*»4TDM (B*JrfJ£«) #5^. 7t^«tt±T- 

[00 0 5] ZCOoio. TDMOidfclHMfctCtiVvC 

mTmmnmiwmt**) . «tt-cu»+Gb/s 

fcflfflLfcWDM ( F DM) ^fti. fcjgjftKcOSiS 

"JIB?* 0 , 3e*7*5 , #7 ^ /l^3E&Jflvvfc3l££Sft 
US, 3£#8fi£B (MUX/DEMUX) £±9. 

1 0 0 0 6 ] 3^«»«Ui'C«*#*LTfii8 
(FDM) ^TJi. ^7y7iOW#«^«c 

li, #7 T-fAMSJCt fttt»$Wb&«£t £ 
[0007] 

£0%Jz%mHt:mZ>tzMZWDM (FDM) ttZ® 
*/HBH*»<U IH«MR*#*UC#7*>rA«>ft 
^(CH^M-^ COT. FWM (Four Wave Mixin 

g) kv^dD mWtfmiz**), iOFWMtiiflS 
f-vW^^)?n^ h-7<7)fv:toWEM^figk^-?T 
L4dkv^iBli* { i>l»„ 4fc, ®E#«0fEj*g8O^^- 
Hry7^T«fi^*^*»iM^fiffljfl<0lWmf 

[0008] 4^. mz. ft7T4'vmMm*tt%. 
w&m* m u^mmz'pmwDMttiizm&im 

r >N*e^»0^irti«[«k f-v JM*Bfc ^MfM(c J: 
^T^4S. WDM**fc*i»t*3fe7r>fA<O0flH#tt 
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(a)&J|#»i^» (b>*W(B»0+TfcEDFA 
«fflHW. <c)*WWc*»*»* F WMflffiffl^tf- H 
A>K, (d)SPM-GVDJWRfc:j:ftiWIRW« f (e) 

I/O**. 

[ o o o 9 ] t zz>x\ ffi&ii=/XTAcD%m&fc&£ 

tf»»ftfc»J»**KHfctt . ft7 r A J; 
EDFA^fflSKcfcWJffJB&SfU BflHaKLtO 

Spontaneous Emission) j|$t£«kl>:jfcS NR. (Signalto 
Noise Ratio)&Mfci. ®Kerr;S&&£:frW:S PM-G 

vds&ihc j: mmmttw 2^wmBx$mztii . 

[00 10] <Iil^<7)-5^©c7)SPM-GVD^tJ: 

%wm;nm7 ta ^m^t^mmmm. 
i i>imm§®%zm^xm®?% h zbumax-b 

0. *<OSPM-GVD«ftfc:J:6«^fti3j:V4Hft 
«fi£M4. xr'j y h ■ xx-yr • 7-yx8fcJ8n 

[0011] ±a<OBWCfflV^fi63C4MBfJlMt»fc 
T-*> 5 i b , SrH^-fl. 4 -CaiRfflK 

1. 5 5/zm^fijtS/7b7T'fA*(JJlT, DSFtV^ 
o ) fcimmtdliX'%< . K»*>1 • 
-H7T'f^(JaT. SMFfc^3)fc&&S|£?iJfflL 

t:&mm ■ iBxaL*Mfi'>A7-j»*. wdm(fdm) 

[00 1 23 ft^k^^MHJHStJieifi^^A W» 
fcU4*7r-f^E#*tt««<*ft*D<0> *fflv> 

•ttzMz. i*mt ixiiiEnmmmmw m& 
mmtm^zbx\ ^t^^mmmz-th^n. 
tfmtztix^z. 4fc. znmmmmtmM. ds 

FfraM/i{tT'^c< , ftl 8ps/hi/1a^*&jHRtf** 
t-SSMFfiaSfcfc^T**. 
[0013] fttfffcflHI&fc UTtt. d*l4T\ ftm§ 

»*4 7*Wi*3ivO**. 7r>fA'M 
*i 6 £ fc T*rtWMUI**«(cH»t * i 4 

k ^dfij^*^^s»i«7 r a ^mmmztixts 0 . 

=J7^#£l*-f £.1 bX\ 4MMI- 1 0 0ps/(nm ■ k 



[00143 m<m7T a rtfemm#mm% 

fc-j&ett&v*. *o*:#>. settle**. 

zm*&*x'<?)z&. mm, a * h o 
[0015] *»qwii<oj: ?Kcmmizm&mmtite 
%m*&mmM:m*h*&K.. mm. 

RVFYiM<nmi*%&LX%mn£\\+**)\AWRiX' 
ftiE^ZHEt&ZklzX*), FWM(cJ:*?o;*b- 

[ 0 0 1 6 ] 4fc, *3WJ*>fS2<0BWt4. ffi*tfc3K 

-7TAmm*m mzmftmkMtzntt^*) 

d m^zanh ft^fto^ *;i-Eaffifc i v&m 
mtm&m±X'%z>£oiz?&zbi,zb&. s4>k, * 

flfctttl- SPM-GVDJMRfcJ: 

mB£it*®mznmx'$ zxo yt^v 
~mt <%^®&izits PMitht mz 

»*H-iJc (gvd) izxmmitMtf zbi> 
hhtiK Z (Dffr&lz t -mizftfflmZ'utt: t&Xolz 

tx. mmiszT&mix-vjmmtswmsM 

[00 17] 

mm-t&m 1 nmmtot » sas 1 o3tttM«rcii«§ 

[00 18] 

nrnmrnttt. 

(A) SglHi^®^)^ 

m i -mi 4 fi*%^^ i mrnmWib tx^mmm 
m£frft&*th<ox\ h i \ttomtf-\ *)v<r>fm 

S<x**WDM (FDM) MIfEj^O«j£S:^-r7n 
0T$>l>. 

[ o o 1 9 ] 4t\ 02 <o*mmm?>im&m 
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mmm\t. ^w^^w*. h^izm 

{><r)X%h. £<038«EI8H tt. #ft^/KCH-l 
-CH-n) mzmfbtltz U—fM F ( L D - 
1-LD-n) lak,#f-?^^l/-W^- 
F 1 aj&»4»0«^3tt»rCi*li5>«^l#**#*flrt- 

[0020] 2{ijHfilHlSS 1 rt^tf>£fift£ft*:ft^ 
*fia-t*fe«K03(57r-f A. 3(ift7 7-fA2*>£><0 

H-i (i-i^n)«(cH(t6MiSt«MWR(tt[ 

g) <r>mm%m twiiurc. Dimmit. 

[00 2 1] tz6x\ t4 ^i^mmsktL 
jbwc, E\*tzmm. <»*) oi«r*«^*iafiiii 



[0022] 5E7-M A 2 ^tffifc&ftEfflOl^Srffi 
l^*WDM (FDM) fiaicaVYt. Si&LoMP 
£4* S?)ft7 7 A rt2<r#mmk%X'h%> FWMT'J> 
S. £*DFWMfcOVvCA9BMfcKWv<<, FWM 

fh Wc, f-v^Hai®, ***;HE§. A*^7-t 
ovvCJaTfcSWH-*. 



[0023] mm. jaiiHRfi^fo (»*a,~a b ) 

£*>4»tf>ffiR*>3ifcfi, 
fj. f k (Ai, Aj, A k ) IZX*). ft7r4A2tf>3 

&mimm&xiiii*4tixmLLizmm.fii* 

(jfcgA iJk ; i*k, j*k) «03S4tf8fe&*. FWM 

•e&a. f i Jk (««A ijh ) »sk ( i ) 

T^iHKf ijk (-^A ijk ) flfigte&OiOFWMtf 

Art"*. 
[0024] 



f ijk - f i + f j — f k ( Aij k — Ai + Aj — A k ) 



(1) 



4fc. JBUdRfijk (tt5A ljh ) OJW-SMSjWKfc*' 
iJk (#jgftAi, A jf A k , A ijk ) «efflM^K«tO 

swwshw-* ( tkx-i&K&ffl&m&m*. /3tf>bz v * 

Pjjk = 

7? iik ■ { (1024s: 6 ■ 2mi 
• (L.„/A.„) » ■ Pi 
fcfc'U ^ijkOT^fijk (««A ijh ) 

*im«38W>#»B!Sg*. dtttt£flift( i* 
j =)<=k<7)l$ N d=6, i = j *kc7)B$ s d = 3) , nit 

(3) fci04t4>ixl»^3t7T'fA*^ A, ff tt* 



[00253 3-3«iff+ 

* (2) x-mtiz. 

2 • d*) / ( n« • A2 • c*) } 

Pj • P k • exp(— a L) (2) 
frSfBHt (=srW2, Wli*-F74-;PF@) , att 
*7r4;N*<3«*fli». Pi, Pj, P k {±*ft*ihJSI* 
»f if f j, f h (IfefiAi. Aj, A k ) cOft-^cOA^ 

[0026] 



Uff= < l-exp(-aL)} /a 



(3) 



ri-c, «ffe3»* ijk <=*) ii<te* (4) x-mti 

r) = a 1 • [l+4exp(-a L) • sin 2 



(A/3L/2)/{l-ex P (-aL)} 2] 
/<a* + A/8») (4) 
(5) , (6) -C*3#U. 
[0027] 



4fc, 3K7r'f-''«204Hftxn-7*dD/dA*«il[*K 

(a) f i=^ f f k (Ai*Aj*A k ) <0«^ 
A/3= (jrAV3c 2 ) • (dD/dA) 

• { (fi + fj-f k -f 0 )3- (fi-f 0 )3 
- (f j-f 0 ) 3 + (f k -f 0 ) 3 > > 

(b) fi=fj^f k (Ai = Aj*A k ) C7)i^ 
A/9= (nrA«/c2) • (dD/dA) 

■ 2 • (fi-f 0 ) • (fi-fk) 2 



(5) 



(6) 



ZZ\X\ DI4jt7r-r^O»^ft. dD/dAJi2& <Wt7r>f ^V)»«»ft. f ,tt«^jeBiM8rC* 
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*. fztii. ±e ( 5 ) . ( 6 ) &tzt$vmm 

fi. fj. fk- ft**tl?tl$L%*i, 



Ad. 



^k- 



[00 28] ffl*Rfi jk <*£A 

ijk ) FWMff) i , j . k<r)®fr£b 

cr=io- log { (f i;ik cofira(: 

/ (f ijk O{iB(; 
±sS ( 2 ) . ( 4 ) - ( 7 ) £fflVtfUf FWM?)I*g£ 

mzkmrniz^ixiz, its. iMLtzJUzzvm 

ixfcFWMa)&^cr>%Mi> r ) (03, 04, 07. 01 

i , 01 2#gg) zm^x^i. 

C0030] mftUzXolz. %y r 4 ^2(Dft 

mm-mit ifz®&< l zmiz%z> F^mmm^m 
izAhtz^^iufflm&xvm^j-v^jumstf&^x' 

*jiscm^ »*a$ ixi. . 

[ 0 0 3 1 ] £O0 1 fc^-f J: o &f"* *;HEH£ J:*! 

<r>m^-hK -Kwzmm (»£> <r>m%z>m^itt ix 

[ o o 3 2 ] r 4 a- 2 (c i o &mz tifzm*m&s 
ttrnmizx-frmztix , &i-r*Mzttmitz%m\3\ 
mizxxzti. xirt-**Mztt&it:®m. (m 

fi®% 1 0)?-* */Hft* 16 (n=16), f-**>Ha 
PI£l50GHz. 3t7r-f A*2co^$LSr9 0km. lf-v* 

*iiii=5.0xl0- l5 cm 3 /erg(esu), A eff =4.6x10-' 1 
m 2 , a=5.2958Xl0- 6 m-' (0.23dB/km) , dD/dA 
=0.065ps/(km • nm 2 )i:3r-3T^I>,, 

[0033] zcofflsizts^x. 0^<o 'o. Ops' m 
*>iE»tt. chi ) x'<vft®wmx'h 

h. ***/l<#S- (CH No. ) *»»i«fcoft.4M» 
ffiJitfftxn-TdD/dAKfto-C;*:^^. 03 
{C^-TilSaJ: 0 „ CH2, CH3, CWAXWaXY 

-9&tf&i>±*tci>(r>ii%h. ,rft£><7)CH2, ch 

3. CH4taaLTlt«L^*^04^-r„ liO 



x. tnummm f ijk <»5A ijk ) ^aatc^ 
"tiFWMoje/tv-kar*. *«*/^-tfM^fB*ffl 

i^^nxh-^lCRliM (7) «J:ate*ifeft. 
4. 

[0029] 

%±"tl.^T<0FWM7KAV-cDlHP) 

cjbsftw^-) } (7) 

04 3 Witf. ?nxh-?4£3 0dB& 
TWPiifcAlCli, C H 1 <^K€*0.64ps/rai/kB 
JeLht-mtf X < % Mtlf d D/ d A =0.065ps/(km • 
nm 2 )i:tl>k, CH 1 **$MftR5A 0 J&»4>»l Onmgf 
< , 1 0 nm<7)#- H H 5 fcftj&tfttf «fc V ^ 

[oo34]i«j:3(c.aii %mmomwi^m& 

-h*A>H 5 ^LT#f-^*rt^#**SaK-4i 

[0035] Srfc, if-mmWiZ^XM. 

#tfcfc£A o J; 0 tM&fiffl 7 iztf- \iJ<y K 5 
•Cfi-^3K&ieatTt>ctV\ 
(B) g2HttiBJB*)Ri!l3 

mmt^iwxhh. ^fc. m2mmmttx<7)yt 
mmmim-mh. ®2£x*)miitzftwDM <f 

[0036 ] -f-UT, *HS^®tC*'*»S3fc^^mfe 

fc: F WMWJBfrff- HA> H 5 *»tt. if- KA> b' 5 
<7)^S^^lffl7, ^Sffl|6cr)^^-rnt#f- J r^ 

+*A«llSrtfi3£i:fc:J: l 5, *2Hll9BJB<03iai[« 

mmttizxtiii, mmmm. *>z>w% 
®&m®mzm#WL%iM a 0 jwaaw6«^«cti v ^T 
t>. mfcnb&mi&ftTFWMnfflkiwtxtBZh 

[0037] (o mmmmviffli 
mz. *%w<7)&3mmmt \^x<nmm$>ww> 
itxz^xwm-h t . 06«-5-<o«af-A' ifr<m^ 
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o m Lfc#wD m ( fdm ) owssmt mo t <r> 

[ 0 0 3 8 ] * IT , £3|gj^!|^ftft££££i££r 
5#. «MK*5A 0 £4*to«l,T, «*£fll7*$J:tf 

jwamsfc-e, tt*mt%&toizmbtiz>bk.i> 
t, rnitzhz «^«** */Hn««\ mm7 

(Af ) fc£ft£H6 (Af ) fc-CSV^S^Sia 

[ 0 0 3 9 ] F Ay h 5 <0@ft£. m&&mv 
f-v */HSIPB£££T » #- H a> FOffiifcflfflJcofl^- 
3Kfcft«ftffl0^fi-f*fc<OR3-C^ t «. F WM3fc<0||&ffi 

FWM3bWI4^6flf««rtt*t^lf 

«a»£-f £*«Bfc i/cuu *o*£5HiH0>#7 4/i'* 

[0040] , 07fcjjrf «k 

;HanH*«iffl«ftia 7 tsooghz s jtft&H 6 tiscghz 

run, *ft*W6"?4niifcU:*&. ft^CFWM 

[004 1] (D)£4&M^ftaKB)] 

»S£fr5£*>, H2fcJ:>)ttWLfc*WDM (FDM) 
[ 0 0 4 2 ] * LX , S34&6^!BO#ft££Sfi5j£fr 

£Af =A • Xfcttltf, J-^^Vn + At^^lVn 
+ 5fctf>f"v*/HSH£Af ' -B-XtU ft** 
n+m- 1 fc f-^^n+mfc */HalPI£ A 
f ' ' =C • Xfct&. Xli-JgR. A, B, 

CfcHHkTft*. 

[ 0 0 4 3 ] 4fc . i<0H8 (CiRr*- i 3 fc, *XMffl»B 
Tt. FWMWEJHtf-FAVKStt. 3?#Sfcftj|A 0 

Wb%btotzmt>tix^&. gfflHftiTli. ffiR 



*+*;H«^fc*S*fcB#& l 5. 5HIEIK4? 

3 & F wm nimzWL 3> fctf>K:g$$ *U f-v */HS 
S, f^/Wi. i»<illl»lt1W»UW^i:. 

[0044] HRfc. ^^^Mam^MWi:. M*tt 
[004 5] icoJ:3*fW»>4>, **Hft»*Ao0>» 

aim 7, ft»*M6o***>Hsw£-jaR ow* 
k tct o , mimo^mzmx'Z h . 

[ 0 0 4 6 ] o tc. ^4Hife^©c7)3fe»*#MfE 
yj • ^nT*lfloJ>|,i,^2ot'$iJfflI-C'#l>OT\ 

mzWifet&Z h tit *) , iMfifflJfc |i]#ttOT*th$rffi 

[0047] ^rfc. *®«CfcUT, 1MSf-+*A' 

•ri.cikt^t'j)-?.,, 

Sfisa*j**>. H2CJ:"3RWLfc3eWDM (FDM) 
WW*. 

[oo48]-eLT.^5 mmBBnffi&gmimu 

09C^-r<tdt, FWMJfpEffl^'-h'A'yF 
- hVN'y h 5 ^ (i^^T'^^ ^ ^(=-^i!tcoSS^^•|!ii^T 

H ) i <0ftJiaft&£ f bth b . ffiBof-v*^ j Oit 
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fflffi&tt. f ±A • X ( A : Sit X : $@R) mtzt 

[0049] ±j£?>& o fcf-v^UHfcffSrS Z b 

- HVN'y H 5 £li */HSH£-JgR ( ftT 
««l^^t-^<o-Ji|J«^BIIi4fctt*<«BRfif) cr> 

wwsicRsre*, iMmn-c^f-^^snois>j^*i 

[00 50] < f > &6msmm<rmm 

mz, ^m^memmmmbixcD^mm&m-n 

#*EM*jj**ISL HI lfcitfHIl 2«^-mtw 

mmm&i>. m2^xm^u^wDM <fd 
[0051] -?-LTs m6mmmfommmmm 

5$TJ4, 01 O^tctatC 3flU« «Lh 

s-ts) . hi ot=5cfffrcti, cH3tcH8tm 

[ 0 0 5 2 ] Wtt£ , MfHUifc 1 1 6 . 

f-**/HS]Pl£l50GHz, 200GHz. 250GHz s 3fc7r4A2 
<9j|$L£9 0kiiu lf'+^SfcO^WJllW-P 

10>?"**;HB*16, f-+*;lHHH* 150GHz. 200GH 
z, 300GHz, 3fc7r"P<2<0*$L*90lau If-** 
;H^O«03tA^A°y-PS: OdBmt Uz'yXf-J^^ 
£fc«4. =&^A-*/^^n^h-^c7)|+»^(401 2 
fcScfil'JT**. £<*>H1 1&SW401 2fc5c$-4 
die, £f-**yH4«»?n* b-?<4- 3 0 d Bij!)f£ 

[00 53] SfS3 mmmiZ^LtM7 T14, C H 2 . 

ch 5 , chii, c\\\5<r>?nxy-9<mmtm. 
iix^itf. z(om7<w-**fosmx'it. mfffl.$M 

A 0 TWO CH2tCHl 5fc#*5r9, CH 

5fcCHl IbtfWZoXlto. mv4t£#itf. £*l 
4><02ffl{4^i5cffiO«Wffl*<|Rlti^T-S)|.„ 
L/C. #288«BJBTli» HI 1. 01 2fcijcr4 3£, 

^MKe^iewi^H t «> i ffl^fftfc-r* £ 1 t\ fir 

jicoii 0 . £f-v */WSHT- 3 OdBmf^-CRif ^rffiS:^ 
[ 0 0 5 4 ] A o * 14 § X/C 2 a£Lh»ttfll 

cnmmvm 1 1 & t . < 5 > sc*^ t^*>s 4 



mizFWMKh*m\mm:m. ix it 3 . isa. 2 

ifi<04 o«f-**;k£TO^ifti8rtaSfc: FWMftfr'ffc 
4iLT?o;U-?£M;$tf|>„ ft-aT. 011,0 
1 2£Scf^te»9ri: < . Mcffl<0^ffl<0|SIt 

i>cr>tf2mxtiz%t>%^£ o nz-ri ammz-t 

[0055] ZCOX o tz. X6mMBmn%MO&W& 

mxatxtuu:* mftmk%*oZteZA,x'2im±.ft 

wet* zbtfxz. ?vxh—7iz* mi-* 
t><mm 4 g Wfcjwrcr* ffi30#iat» 

[ 0 0 5 6 ] ±3* LfcJS 1 -»6iat»lfCJ4» 

(g) mimtmmcom,^ 

DMUjUzzzmMX tm7m$mmximi 5t4 

fA) 3 tfcV>T. f|-^SOFWMfc4S^OXh- 

&«f-+*/tfi»4. ±(C FWMWEofcftoxr-K ' 
^yH (Hl^6Iif!Si(:J: OIHWLfc^-H^y 
K5) , SPM-GVDSMIt:J:iMI»»«, ED FA 
cofiJ#^c4-5T^SStil.. Hl^03fe7r>f 

i b iz 4 0 . JW»»t<0»iM»«** ^7 h § itl Z b 

x*. ztnt. imtzzib<. mmskii^zz 

[0057] £*i>6|Jtgi-$- I.SI7||Jfi«®fc4tXm8 
WBBWCI4. Ja±<0BH*#JtUfci:*<o, WDM* 

&zi5v&+*frvmwmi l z^xmwtz> . ;<U4, 
<msg&biu3isz.hzbifx%h . yrommxii. * 

®, (b)EDFA<7)flJff^^. (c)FWMPE^i6^ 

[00 58] • UffiKHCov^T 
(a)«^#J|fi-t#« 
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n mmsmmmkfm a a , x-m. Lfc*£, m% 

#®l«ft£AA HDM iiAA s x (n-l) ?mtl 

tOO 59] (b) EDFAm^m 

tt*^L*Witf$rfc$r^. PRfcT. HI 6(3*. E 
DFA*4gHJ*W^ASE^?h/l/« (ASE 

b)\^mnmE d f A<of m^^icv i\^<o 

"?**) fciiW. SttWEDFAtJfflra*. 1550-15 

60nm?)igffl^ mwra&jnmraTfco. zm 

mm ( AA EDFA = 1 Onra) rtfc£T<9?-+*/-fc>5fi## 

[ 0 0 6 0 ] fcfc, Jt3il^^JIJtHWW«fc LTl*. 5pJ 
#<7)^L^1535nm#3fi^W^tl4„ *Jt. <I<7)fc#?) 

EDPA^«|«iMAA IDrA »lbA^-««92: UT 
J*. EDFA»ffjSO»j«ft, EDFfij&Oftjfft, 3t 

[0061] ( c ) FWMJWBOfcibatf- h*A*y H 
S 1 WlBBIKiJSV^ i>mm UzM 9 . #7 y 4 rtMt 
4M»»ft«iflOflf**fflV^!3fcWDM (FDM) 

^A^A^fi^SrATJL^^, i<?54»OftScO 
3^Ai, A d , A K fcJ:9, #7r4/-^3a:^l*# 

<7)|g4cDft (FWM) 

[0062] C<0«*A ijk {i. fiflE ( 1 ) A^nff ^ 

tfBBBTf-r^HR^v^tli, i. j, kOffl* 
£;b-£TifcS A i j „ ^a^aK*) F WMjWMfcS *u 

$^io k (i#«*Ai, Aj, A k> Xi^cotmmmzx 

[00 633 HRfc. 3o^i^C<0fl*tJj:^3e7r 

(2). (3) 5*8J:tf (4) - (6) 
W*tf . HI 7fc*rf J: dfc. 1 6tt<9ft^»ttAn 
HAA S =1. 2nn^niI(CEiLtl,fc«&a % 

tux h-?a. cumin ( 7 ) 3$gtn otwwfca 

18^-r. itf)fHWcffll,^'C5-X-^tt. A=1.55 



^m.Ziiii=5.0xlO- 15 esu, A eff =4. 6X10-H m 2 , 
a=5.3X10-5m-i (0.23dBAm) , d D/d A =0.065p 
s /(km • nm*) , L=9 0km, P i = 0dBm/chi&-3-O'> 
4. 

[ 0 0 6 4 ] Zcom 1 * 3 fc. &+**M&L 

aS*l6FWM3t«Offl^»l4. 4"M)7, 8-f-V*^ 

(e. f- J r^2~4T'?oxh-^M*<S7ci:=5rl) («I 

wis i mwmizto \^xm 3 1 * mmuz tot n 
mmxhh) . F^^nxh-^ft^-3 0dBh-r 

St. ^-v^;HO^-|Jc€D ch iS:0.25ps/(kB-niD) & 
^ 1 ^)»* A j OfcKSIiSr 3 . 8niM±t &&S# 

* 0 . z ti zxrnmmco f wm ws.mti- y a 

A g i:U?^. 

[0065] (d) SPM-GVD^*{C*S$l]|I|#J^ 
01 5(**^BJc7)m7^Jfe^©fc LTcO^^fifSH 

S:Srf7*n«y^0-C. dcoHl 5 t^fev^T. 1 U4«« 
ft-tSr^fi-f (d^K) hit £02^*9 

B-f^t^ffiBfe (illdlslKl ) tc* 0*«^fi*tT«rd 
iiffim. 1 2J*3^SMSS (*7r^A'2 ) 4>taer-3e 
IWL lB . llB .T»ASWOMIBfefcJ: O^L^m-f 
*fll«'t*-f >74y*Ms (In-line amplifier)^ 
4. 

[00 6 6] tli. 1 3{*3Kfira*K (*7r^A'2) * 

(ci5a-jaaiiL R . rel (>r y9-fy+«»i 2^rain 

Li„-i ine J:0i>i£v«) -C»ASfL*H^*«» (R 

egenerative-repeater)T\ Z<7)W£&W$s\ 3t*. 18 

^mmzm-itz^mm^zi ^x^itzm% 

miXim-thtc^(7)h^X\ mttM® (Reshaping), 
•J^'f 5 V 7 (Retiming), ^JH^ (Regenerating) <9 
3o<0R*»6=Sr-6«8**U. 3 R4>«»i: fc«K*<i 
4, 

[0067]§^,(c, 14(i02fc*9iwj£U:«l£ 

tuzm^mm&miz^*z%mkx'bh. * 
ix. xmmmx'ii.. mitzwmi 1 tzmi 

1 3iitlXK? ^2\,z£*)i[mthc\tX\ m 

A) 10*«flWcSil.TV^. 
[0068] ST. ±M<?>£o%msmi OcoigrS^ 
n^mi 3^faiSL R . r „{*, ±c y^^fy 
<Mi»12-C«ASEjR«fc:J:*3tSNR^I:t, Oft 
7 r -f ^ 2 Lft: SPM-GVDS&m 

3t7 r /n* 2 ^OATJ^NV-^TIUi* S N RK* 0 
iJWiSPM-GVDSWRfc:J:->THRS*i 
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h. SPM-GVD$3ltJ:l«&Mb^fMlit 

[00 69] 01 9fc. 1 OGbps, -fy?4 

y*&m 2^HL In . a „ e 5-7 OkmJ: IX 1 *<0» 

»('f>5'fy+tt»12) *»^«03ttB^S3»S:±2 
dBt{SS-TI>i:. I*g#f*fiD all0 „ = ±lps/(nm-km) 
*>*£Ji, S**^l 3^HL R . rep Oft^ffl(i2 
8Okmi:^0. »Sfl««D al i 0 . = ± 2 P s/(nm • km) 
COWr^ii. 1 3<0|§iPlL R . rep <0&*tttt2 

1 OkmhftSo ^EKfiSS^IgHt-BfcfeHtt. ftt£# 
***** <B.~l%y t4 J<2<\<7)?Jl>V7-*±* < 

[0070] • */!*■£ #7 r 4 A<oj9rS#tt t 
<7)W$tovvc 

wDMtttzx&ffimiftZo^z^j&itcvmi 
fr^LTtiio. <D*aft»£Ao. ©§^^(f^,o 

#±AA 0 , ®#ft*n-7 (ZiJtfHft) dD/dAO 

ott, DSF*)i^(9tf&oSrtft1Tfc<. 

HI 3tf5BMlLB- t e,rtT03K7T'f^20*#*|ilO 

[ 0 0 7 1 ] 02 Ott, 0S8ttf>D S Ft 2»Od#** 
A^U *<0-#O»£A,fcl55foBfcBI5£U to- 
*<O^A! ££tt$tf£fc£OFWM5^$$77C9S!l 

(02 0*. a*£Mrc««Lfcfctf>) 
X^l. Zcob*. #7 r 4 A** 6 0 km, §if3tA* 
7-£ + 4dBm b Uc. JHHK»*A,*--«ttfcffl£ 
Lfc»^)lf«S* (020 ) t JtSKtS i: , 

«^fi(i^i«KHt^tTfcO. £*tfi. UBS?) 
D S F <T)%Wmfk A o 36W*|6l ttf feov V t £ i 

[00723 jbJc«>»st#*LT. *mo%7mm 
mmnmM&m&x&r&x'it. mmmi 
at. z^^ivm^ytmrnzixh. tea. 

mth*&\zo\*xwm-h. ap*>, 01 3t5KtJ:-3 

t, #7r4A2O*$MK»*A 0 i:#77-rA2<0* 
¥#fl«0**M^Wfco*±AA,fc*#JtU *7 

(a 0 -aa 0 ) J:"3fc««*«K:. ^Wc^tA^xn 

f- V *7W!)®t*£9HI« A A s -CUB LT V*4 . 
[0073] 3fc7r-fA2to»rVC<0*#tt 
^tf^o§igH^««^ <A 0 -AA 0 )J:Dfcffl 
IfcJtfllfzMU FWMjflJJEffltf- FAy H a a 4 £R»t, 
ift^ ( A 0 -AA 0 -AA g ) J:0*»S^(c«»«ffllt:. 



4 oof-v ^v<n<m% ( f-v *^ 1 ~4 -ca* A ! ~~ 

A 4 ) fcffiUL-CV^. *g»Kircii* ff*;H^ 
jft^Ajti, DSF (*7r-f^2) 0»»tt«*A 

0 *»fea**Hfc: ( a A 0 + a A 0 ) mwxt^w,z 

m&KX^h Cft& (A 0 -AA 0 -AA t ) ***** 
*l<0»*A,fcHW-4J:3icR5e3#vO*4:i . 
[0 0 74] #77^2*? 
<DSPM-GVD$fr3ltJ: 0*jeS*i6»S4M»fiD 
«ii..t«fc 9ffl£3*i*eiS»r!Hif«A Asp N -G«Drtt. 

4-7o***^c7)fi-f^iea§itTv^. 0^0, 0 
1 3t^-r«j:5t. mmm%m*mm%9Mte. #7 

(A 0 + AA 0 ) j&»S>Jfl»£»V AA SP „. GVD .= I D 
alio. I / (dD/dA) Jart«^BWC»*. £*>fc 

* , 4»fc fceiSHriB-cjio^ftKfitffeos a a 0 

sppi-gvd C = (Aq + AAq) ~AA S p M -gvd3 h^^^)V 

[0 07 5] $<ot 4*M0BJBTIi, *7r-fA2(C 
S8R$*i*EDFA M>-:My+i8i?§12tKg$*l 
<0jH«#«AA IDFA (0&KB1 6t*t 
«t ^ ^1550~1560im^ffiH ) f^l t , 4 rxryf- * *;K0fl 
^3feWEHS*i*. 01 3*tii0^L*v^ 

iz£&m^n?mg3miftz%&t&%£M±. * 

[ 0 0 7 6 ] iiT. 0 1 3 f2R Lfcfi-^tEgCTto 

SjSSSl0GbpsO4jSO«#5fe$r?ft*railA A s = 2 run 
OSfBIHTD S F ( % 7 r 4 A 2 ) OJMMftttft A „ J: 
Otffi^fflOtffiMt. >?4 2<r)WmL 
m-iine S: 7 Okm. H4«W8«1 30raPiL I! . rep Sr2 8 
OkntUfe^tOV^T. *+*/l«Bi:DSF<OBfR 

[0 07 7] i-f, ^7r-<A*$r7 0km, #f-**;l/ 
OA7JA7-5r + 6dBmt Lfck ^cO^^fiA A s tW 
-fl., ^T<0***^T'O^DXh-^»**-3 0dBW 
Tt^£^-hVN>KAA g iORfM&02 ItScf „ ; 
O02 1 J: <0 s jS^raHA A s = 2n<mi§,£ 
^AA HDn = 6nm) ti, ^f- h'A'y KA A g = 3nm*^ 

[0078] -eue, 01 3t^-rj:3t. edfao 

«fWW« (1550M560nm) *** 
;W 1 <D®.£*i iWHW^mUmC *>£1560nmt|5 
J&t6. ftfiA^i. M^LJtiiODSF^) 

»*«K«A 0 *>i5,ffl»fiMt; ( A A 0 + A Ag ) «»«| 
#ut**fc**. 019«fcO. S44>^§13C0 
M%Lz. tet = 280knX'hltz#><7)¥fm&mD allom 

(i-ips/(nm-km) X'bz>?)x\ ismmziE*m%Lik 
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vmt. m&uzm. »* (A 0 +AA 0 ) frbia&x 

flK, AA spn . GV0 = I D, llo . 1/ (dD/dA) JSlrt 



( A 0 + AA 0 ) -AA 5 f B . fiV oi:f-v^;Mtf3jft*A4i: 

5PB . GVD , A A 0 , A,<04HIIi<Jw>J:3fcaiJg$*i*. 
[0079] 



AA 5PI) . 6VD = I D all „ |/ (dD/dA) 

= l(ps/(nm • km))/0.08(ps/(raa2 • km))=12.5nm 
AA 0 = ( AA SPB . GV[) -AA HDH -AA S ) /2=1.75nm 
A 0 =A 1 +AA 0 +AA s =1564.75nm 



I). #$C7n-7dD/dA#/jN£Wifc\ A A 

spn-avD* 1 *^^ ar4.oSAA 0 **s<B=s-t* 
[ o o s o ] 111 3T'nmw[m®mm^i$,iifc 

*mm7mmmcom.%mmij&x'it, 
mmmmmm^tz tizx*). mum i 4 

xmm-th^z^xm^-fh . 

[ 0 0 8 1 ] m-h.t-f. 01 4<0±Rfc**J; 3 fc, 
3tt7T4><2+T<0SPM-GVDato*iCi9fc£3;h 
4KFS4MBt«[D. ll0 ,fc:i 9££3*i*£iSirgBff]«A 
Asm-awD^t. 4oO*+*/U0fi9**EMLT*» 
fc. 11 1 «fc 3 fc. 3fe^UffliISIS:fflV^T 

ft7r^2O«#lifc?fcRA 0 $:A 0 ' |C5/7M5*4£ 
fcfc«k"9, 40tf)?^*/K9{|^£, JfcWt±, fS* 
^riB»«AAs M . 8 vDrtft:iiHlUrv^. 

[0 082] .KOfc*. 4o<0***/W5flHWIfitt, ft 
iMft*MtBfcJ:*S/7MIMctt, Hi 3 fcTKWLfcK 

SWfclHHIMC, M(A 0 -AA 0 -AA 8 ) iOtSft 
ftW^SfilAAsTlBffiS^tttfc, EDF A<7) 
MSWJfiAAEnmrtCEKSiiTV^. 
lOft^Ajfi. «iHfttt*A 0 3&»fe«ttBWfc: ( A A 0 

+ AA g ) fc'ftJ&ftfc&JI ( A 0 — AA 0 — AA g ) fc-a 

[ 0 0 8 3 ] * , *iMIHiMII*fc: J: DIOWflMttfc 
A 0 £ A A DC ttftJBttMglcS' 7 hZit&ZtlZX 
0, Hi 4<9TKfc5?*J: 3 tc. 4o<0f-v*A^i# 
ft£. JW»ft±* fi3S»Tt^«AA S p B . GSD rt(CffiSL 
X^h. %t5. Hl4+fcrt4H^L=fl:V^ 



MWi/cwtrt*. 

[0 084] tfz. BM4+fcttB»WrV^ ±M<7) 
±3fc#iHWI«»£Jllv^*£. %4MHMt3K)#tt 
WR*tffco&«H±tf A De **StU i^M^AA 

&mmme>imw$ \ tc t£mmix®mts>. $ 

[ 0 0 8 5 ] i ZX\ m 1 4 fc^ Lfcflre#K»Wco 

o3WMWI«»£fflvvc. #7r>fA2fcovvc«>*a- 
tra«ffcoi^A 0 £«*teaf^4£fcj&^S s J. 

*^7h«AA BC ift^fc-r4*&*JtiS. & 

[ 0 O 8 6 ] II 1 4cr>Tmz^t X 3 fc. ^#8fcifcK<f 
fcofc OTRB* J 4>*ft*ffl^A A BPB-ovn^lEHi: 
ffcfcfttf 6 0$ OTRj6»4> ffl»*jBK A Asppi-gvd^SE 
Bfc#*5:o*:fS$fc . «#3e»«AA» DI ,4:*tHW 
l> b # . JMMRttJtt* ^>o# A A o t&k&e&ti z 
ttfx-th. oao. 

AA 0 («ti>= (2 ■ AAj,i-(Ti -AAidi) /2 
= (2X12.5-6) / 2 =9. 5nm 

a. m#*»«AA,, DI) o>wi^fiMw&. 
[oo87] ^t»Mtfru> 11 1 4co±g^^«j: a 

*Stft* A o *>4> fitt^HC A A o + A A , tSmtlX V ^ 
h. ®.~>X, 

A„ = A, + A A 0 + AA g =1572.5nm 
t^rOs A 0 ±AA 0 = 1572.5±9.5nmfc^|, o 
[0088] Zcr>t$. ^tWa«t»*y7h*AA 
DC {4. A 0 -A 0 ' TJ>9. J3lT<OJ:3fc:««)^4. 



iStr, WRf-^r^l^fll^^Eltt^flWAAB,,, 

AA DC = (2 • AA 0 -A A 5Pn . GVD ) +AA S + AA HDN 
= (2X9.5-12.5) +3 + 6=15.5ni 

tramm&t ixu. >miwm «t 9imtzmmm&$mzti&i><r>zm^ 

t>tixt3<o. ztiiTWmmyTJj*. hyyz'*- s. 

^7 ^ w *a r, 3iaaH»^-f 7*^*^$nrv> [ 0 0 8 9 ] ^fe, m 1 4 tcsstttcii. jEo^HWit 
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W-N^T'fA C^tfcffiD DC =18ps/(nm • km) D 
vtzbthb. #S*7 r 4 ^L DC tt*<o J: ? 

Ldc= (AA DC • dD/dA ■ L R . rep ) /D DC 
= (15.5X0.08X280) /18=19.3kn 

MftMlfclK L v vc , (J a A „ fctf 

+&9fflm* otti-mmmmisy h*A a dc to 

IBfiR£**. 1^02 2*. Jfe^iaPSAAs = 2niD > # 
-H^'yh'AA g = 3nmO%^$:^T^ %£HH 
AA s = 3nB^M8^ijSi«"tSW, 01 3 

<t 0 , *$HK»fi A o t *>V\ Ojfcg A , 1 3&«-a.S 

fc. 

[ 0 0 9 0 3 £<0 J; o * 7SaBK»<^Sft^Sg 
^Sr«fflLfc*i«^'WltWDM*«{CtJV^» FW 

[ 0 0 9 1 ] ttfc. *HJfiM:«tti(f . «jHttttAtf 
&o&8HfcJ:tfFWM»jEJB;y-F^;'Ffc**U 
WM: ( Aj-AAj-AAg) i 0 iJKfcWfc**** 
/K0ft-9#fcKOT* £ t izi 0 . 367 r 4 a* 2 O^ 

fc, FWMcQ|HfeWffSiiT?o;*h-?fcJ:4ffif- 

[00923 ttz. xmimmiizxtiif* spm-gv 

m\ E D F AOffl##« A A ED Fa ft */l^ft 
3K*EAW4#« A A HDH fcffiSBL-CSsrr* £ t 

C 0 0 9 3 3 fcfc, ±aLfc»7M«B»Tli. 4o<0 



(H) g8HMfflSmk3KB|l 

*WH09»8IIIM»2: LTO*«*£»Sittr 
rtfcov^TKWf 6 fc . 132 3tt*«*ft*+*/k*>« 
*#EiK 5**BL H 2 4 tt*<0^f-v */KDflW# 
KttOSS&fllfcjfcm 12 5li*«**MMMtf&o 

[0094] wmuzm7mmmmx'it. &+**n*> 
m^3t*367 r >f A2 a*jmk& a o «t o t 

li. #f-ir*^i-tjt*3e7r>fA2<0»4MHft^A 
o J: 0 fc JdUUWcKB *J 9 , + Oifc* A , 
£ E D F A«f «HW^«ilJWl550in(CK£ Li^± 
•C% «7HSS»S^01 3^T^UotOi:^<[5lt 
#RfcJ:0. f-r^;HEatDSF (%7t4*2) <r> 

[00 9 5] BP*>, B92 3(C9t J:aiC. *7r-fA2 

ftar4>o*±AA 0 kSrJt*L, *7r-f/<2t'?W 

o»»»»*ar ^»o# meiojtii&tt ( a , + a a , ) x 

SrWaHAAsTffiaUTV^*. *7r-(A 
2fcov^T«)»iMIJ«*tffeo*IElkO*»** (A 0 
+ AA 0 ) i 0 bJWJUgttt, FWM«EfflXr-FA 
yHAA.tlWt. ^(Ao + AAj + AA,) J:0t§ 

<o tft«ft(fflt . 4 o(?)ff ( f-+ l 

{4, ft^l«IA,li, DSF K%yrA*2) 
^WMB**A,*»4.«([*|lK (AA, + AA,) »t 

(iit/staait:Res<iTv^4 ( a 0 +aa 0 +aa 
g ) l o^ a , t -srr6 1 a 

[ 0 0 9 6 ] ifc , *|Q|0gJB-Ctt, #7 r 4 A'2 
«OSPM-GVD3&*(=±Difc£3*lMtfH*tt«D 
a ii..fc:J:0asES*i.ifi3S^rttllf«AA S p B . 6v ,rtfc. 

(A 0 -AA 0 ) A Aspn-fivt = I D 

.iio.i/ (dD/dA) lartonwe**. 

* , 4 &k tfiS8^T|gT'J.O»iMK»*l/^o* A A o 
*"CS**ftt**<l*«E**fc»fc. «^A 
sph-gvd C= (A 0 -AA 0 ) +AA S p N . 0VD 3 t^-V^/P 
4««*A«fc*«-*t*J:3K:»igSnrv^. 
[00 97] stsmBBBTtt, *7r-f^2lc 

«^iti)EDFAofim^AAEDFA (mimie 

fcjfit X 0 =2rl550~1560nm^)©ffl) F*Jfc, 
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[0098] fc^?. 02 3Ttt*#ffcflHS2§*J8^ 

2 4 (Cii?*- JSC, #^-v^Ofl^-7l£2r@egt4C:i: 

[00 99] EP*>. £-f. H2 40±at:*tJ:pt:. 
%y r A ;< 2 *T"tf9 s P M - G v d$&^c J: 0 mi £ n 
*IMMHK*D.n„lcJ: 9fflS§ftS£iS»rflE»«A 

f> % ia 2 4 «>TSfc^t J: a e . mwLmmmm * *x 

ft7r4A2<^#f8fcKA 0 £A 0 ' tc^7 h§-£l>,r 
fcfcJO, 4o*>*+*;irf>flM**, JiaWtJ:, fSM 

[0 1 00] 4Otf)f-V*/K0ft'fJiai, 3t 

4Mtt*MlflfcJ:*^7Mfft:tt. H2 3fc:TtW!JlU:E 

(Ao + AA. + AA,) 
*Mt«a«AA 8 -CKSS*i6i:i:<>fc:. EDFAO 
fO*#»$AA EBFA i*ifc:Efi$iiTUS. f-**^ 

1 c7)ifcR A , te, «#ftt*Jl A o JtttftUtC ( A A o 
+ AA 4 ) tfimttfZ&g: (A„ + AA 0 +AA S ) fc-R 

■*•*«]: 3 fcissgsnrv^. 

[ 0 1 0 1 ] *LT, J: 93BlW>*#tt 

IftA 0 ?:AA DC (=A„' -A 0 ) «*t««HH=^7 
hS-£*£fcfcJ:»K 024OTSt*i-J:dtc, 4o 

*7K0ra#ft*. JLjWJu fi3£»Tffi*«AA 
spn-ovoflfcESLT^S. &j3. 024fc45Wti. 
* 7 ggftiHBoH 1 4 fcTiMl Lfc i o te . *#tttfe£ 
{f^o#c7)TR8A^^^W^AA S p N . GUD ^fflt^ 
#tttfcfifcf £>ofc 0>TRa»6Jffift£»^ A A SPn . GVD o 
Wfflfca^SflrofcfHWfc. f|-f^*«A A MDB i: SrHS 

[0 1 0 2] @2 4+fc:tt@*L$:»»^ ¥zSffc 

#«6tT, «ftf-v*;l^)flr^*SrEW*1lf«AA 



H9~~m l 5£JfcX»Btc J: 0 «T«BMW-* «k a ifirt <0 

[0 103] ±»U:H2 3*Ji^Bl2 4<0M"TO. •£ 
JMM^JWfco* AA 0 #fi/teitfoO»£ 
fcov^RWUto^. H2 5fc. «9***#ft»*A 
0 ^»£ffl(cEHLfc*£fcovvc, Jf£o£ A A 0 fc 

*«-***HK«* A 0 #fttfff&£i' 7 h 4 A A DC b 

LfcH 2 2 fctJttSftffii: ISUtfcO fc W* { 5Sffl SftTfc 
0 . 0 2 5 Ttt, A „ «k 0 fc JdfeMllcA^ 

3K*EaW*fc»fc:. tf4>o*AA 0 {c*W*lliM»a 
£ A o fc^V vC<0«& II 2 2 fcjj* t tititiC 

[0104] Z<7)£ o fc, ^8HSfe^JB<0jK^^#Mg 
SWrsWcJ^TtK fr^L^m7H^®t^<[si^ 

mmxit. 4 oct)^^ */k^i#** sars^to 
^TK^Lfc* 1 . *%miztiizmfeztiz> ^cox-it* 

W 4fc, ±3*Lfc»7ltil9K«tJJ:t«IS8ia«B«-C 
li, #f-v*;uo«'*JK*. »»tt«*A 0 j:9«,»a 

<, *f-+*/l^)ttfl-**. *$MTOMlAo<OWWfc:E 
^fctt. «4«Mft*Ao<oa*JMIi:***filkO*f- 

[0 105] (I)ff93tfflffl»Ba8l9i 

WH2 6fcfe^T, 2 1»iWR«-**3l£fl|#fe:fflftLT 

sfrrs^ft«s, 2 2ii*eaH» (#77^2) tie 

#XS*ii*BI»T, icO*i|ill2 2tLT«, ff^L 

[ 0 1 0 6 ] *fc, 2 3t45atLfc*m#^««m#fc: 
SaJW-65WI«-C. ±^L^MfHS2 1 fcgfH82 3t 
SBR«)'WII»2 2^LT*7T-fA2teJ:9«il 
■t*itT. 3fc£i£62 0#ffij£S*U i03tfSii^2 

J:V5C7r-f-'<2*^LT3MHi2 3^fiai«*i*±3 
[0 1 07] *l/C. 24A, 2 4 Bli-ffl-f^UE^ 

•yh24A, 24Btt. WfflBSilTJSO. t**fl> 
iotC. ^fro**2 0 (*7t4'<2. j*H*82 1 , + 
M&2 2 , ftm23mvftlfr<vm) KffASil* 

[0 108] bZbX\ *fi38»2 0*«. Ell 5t«fc0 
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1 9izx<ommitzmz. mi*mmi>ff&im£ 

ftmzmmuzwDMttiz&^x. FWMtcj:i,?n 

m*m%i&tmix^z>i)<. zmmwm mz 
mi, msmmmmiztmhrniA, m2Am\^m) 
vmttch. znxoKttfunma. -mm, sm 
Fimizh<mx'h&. 

[ o i o 9 ] mz. n±^jim^xrAc7)^-, ^>m 
mmz-%.xm < . 2 hiz-mMv r 4 *2tr>m 

ftw&mi<i-&ztimmz'b&. zotztb. ds 
f (3t7r^f^*2) mttWLtem&zmsmfogm 
$iUzM&. &*mmmzftw&<7)iEfLtfm%z>^m 

[oiio] *zx\ zff)^9mmmxn. ittim% 
2o^m.mmhtz^z. ^mmti^mm 
<vmm$m&3-- 7h24A, 2 4 b s- *ti* km* 
m&2o tc#A l . zcr>mm& 2 o wimtmtf&tt 

t tah ttmfmm?-- -vV24Ki>L<\±2AB 
*WW.LXmm.3k2Qlzft\ ■ WS-LX^h* Ztllz 

h^*hhw%imx%x\^%r%. mm&20<?> 

ttw&zmmzmmxzz. 

[ o 1 1 n ttz. m&7k2 onmmzmzix'zz 

mUrlzli. WMZtLtzftliX&cott^ bitKtt<Dft^<D% 
ttimm%3---y h 2 4 A*> L < (i2 4 B ZMjR-f& Z 

tx\ x*) mmizmm& 2 0 amst* mt & z t 
tfxz h „ zo£ d ®9mmm<ry±K?m®3r£ 
izxtM^ m«cr>{m&izmttzmmmm%zm ■ 

mm&Zt%<. SPM-GVD^3l£J;£i»?<fL 

KAy viz^xm®mmmzmmx* , % 
m^xTmmxcDxmimxvmmMzm 
■thzb^x^h. 

co 1 12] zzx\ mmmBmcomm&mmiz 

^Xmmh. £i££JK£ 1 OGbps. A 
#|^PiL In . nne 2:7 0km. #^tBi|g#|*^03ttii^<7) 
± 2dBtMfet& t . M 1 9 i 0 . lf&#gjcffiD 
.ii„ = ± 1 ps/(nm • km)T«AS^*il^Pilli 2 8 0 
kmi:& 9 . 2 8 0 kmfEjMf^^-^t^Uftt bTJi± 
2 8 0ps/nm£7)^Mffi*^rftS. -?-,rT\ CTx 
if, fEJ*S8^St4^+1200ps/n.n^^. #ffc*+1000p 
s/nmt -lO0Ops/nmtV>mffl%m%3---v h 2 4 A, 
2 4 B SrJ»Bl,fc*& s 100(WnmO3fcfttttf 
m^-y h24B*mim'PlzWAi-tltf. Ifcfrtfci 
^'+200ps/nmh & 9 . ISMTOc&l. . 

[0113] (j) mi omtmmcomm 



mz. *%.wcr>mi ommmmt ixco^mmiffi 
iz-o\,\xmwi-& t . m 2 7 \5.z<r>7n ■•/ ? mxh o > 

^i7)H2 7+tfcV%T. Bt^^-ttR-^^ilSI- 
®ttZ*LX\^(?>X\ ^Wi««t4. iift£L*: 
m9HSfe®Stfc^T{4. IM-$4+B, H<0#f* 
- B S 2 a^ft#»fclBflt3S3-- 7 h **F*>JSS 

$nTv^«ot*fLT, znmi ommmmxn. it 

2 5 A, 2 5B*>T#>ffii$*uO^. 
[0 1 14] ftftftBl, B20 2a«03t 

^MflSi- -yh25A, 25B 
S$il. >ItL^O^tiliHI^--yb2 5A I 2 5B 
^fA^^MS^MffiiSa- -y h 2 5 

*eM^2 0 (3t7r-f/N'2, iMti«2 1. 
2 2, gfta2 3W^^c0^) tjfA^ix^id 
\,Z%->X^h. 

[0 1 1 5] *Lt\ 2|s|l»«T'ti:. 3Kifl^XxA 
fCiSTO^^T. 2^ic0^frt»I^L^-yh2 5 
A, 2 5B£. ^Bifc, ffl^-ti:^^^*^-?-^^ 
2 0 tefifA L- . i <r>mm* 2 0 cofei^^. ® 

izmmmzwBLLtctf^. zommitfmt* 

SiSSia, ffl^c03t^M<l^->y h 2 5 (H2 7 
*X'ii 3 fflcO^^Scffiil^- -y h 2 5 At 1 
m$®%3---yh25Bt£MZ-&hittzi>cO) 2 

wm<7)m®mm%3-- -yh25A, 25B ct)**^s 
m ■ ikfcixftisim 2 0 c#a ■ isa ut v ^ . 

[0116] d^tJ; 0. ^ni^{f ^o##cfBjj? 

V^^-K^LT. ^fiM^2 0^|fcl&iaaWt 
aoftigfcffiHt-r & C t S „ £ tz . 2 0 

•^2 5^, 2aSc0^ffiCffiiISIi--yh2 5A, 2 

5 B<7)*a^3iiR • ^tgL. mmih2 o t*f a ■ tsa 

mm\ izm hXo izmm-t h z t h . 
[oii7] zcoxoiz. miommmcr>Kftm$f& 
wz£~>xi>. ®*cr)&&mzfcitzm®.m&z 

mt-mft-flZt%<. SPM-GVD?a*tJ;S« 

w£\i*?n- h Ay h- \,zr>\ ^x<7)ft®tM.i®mznmx 

*mtt-hzitfx%&. jMUzmiomm 
mxiz. : ?>t>ftmzixz>?/tft®.mm%s3---v h^2aa 
t uz^iz^xmmitzi}^ *muztiizm%z 
tiz>h<r)X'itfr\ zzx\ mi ommmomm 
mmiz^uxmm-%. m9mmmmmtm® 

lz. 2 8 0 MS&f&Ofl-f tH^mtb LX\±± 2 8 0 

ps/nMm&mmxbhi%&t l z. mm. #m. 

Al, A2. Bl, B2tlXZi\Z'1X+300ps/nm, + 
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lOOps/nm, -300ps/nm, -100ps/nm&|>3fcfrfirti§<SS&a. 

- v b zm ix v** ttht. v 

bLX\t. Blx3fli+B2xiffl|:ffl^^TfEjll 

cons] (K) ^i lmmmmomw 

iz^xmwt&t. m2 8ii*<7)7v y?m. 029 

mzmt^u-vrmx'bh. mmuzm9hxv : 
w, 1 0 mummx-n. 1 mm^t^ *im?& 
iz^xmuztf. ^mmmx-it. A^^ivm 
(*«a 1 ~a 4 > zmmtxim-tzmisiz^ 
^xi&m&. 

[ 0 1 1 9 ] 02 8lZ^t£ 0 fc, ^liStfc^t 

t . mmm 0 ifi. wm2 1 , *m&2 2 , %m 

2 3 t**2 \,z± *)®WiLXffif&2tiX^Z,tiK 

zcomi immmx'it. mim2 114, 
mm^zzwzm (mm <omimwz$m 
Ltzmz, znbm^z^xjm%mzmo 
i><?)x\ &***>\&i,zmibh&i-**>MWz,m 
m%mm^ftiz%;®i-in%yftm& (e/oi~ 

E/04) 2 1 at, &**r*>V$mmMS%£!$m2 1 a 

<?)%&mm2 ibtzttixffii$.zti.xuh. 

[0 1 2 0] gff$2 3ti. i*ft«S2 1*^*7 
r^fA2, +8lg§2 2£*rLTfz^§ftT£££*tt£ 

^fi-^sr^mi--5» 1 1 i> tzm^zn&mizg. 
®?&i><?>x\ §>mfaWzmsm£&i-**MzftM 
■ fi&t h mn.%2 sat. ^t^^m^ihti 

ft#MM2 3 &frt>m.ZixX%KWk1'**)lc?>m 

%^%%m^z^.m-h±/m^m (o/ewve4) 

2 3 b i: Ztttxm&LZixX^h . 
[ 0 1 2 1 ] -?- LT. *Hife^®T'«i. &fi«2 1 
m/3t^^S2 1 afcft£fi{tg|32 lbt«:, ft 
^^mm^y V 2 5tfWiVt>tCX^h. 0 , * 

%%mm, m^itnMMmm^v h 2 5 a, 2 

5B#RjtS*lTl>4. «Utf. H2 8T'(4, jfcgA! 
Of-* *jWCli#tt*B 1 <7)3K^M«iffiSSi^ -y h 2 5 

A*n ^MMVbtis ®&it<r>*-«*Mz\tft?m 

B 1 «03fea-IWIffl«a- 7h25 A t #f*MB 2<0ftfr 

msmi- - -y h 2 5 b t an -roigtt t>ti. m a , 

*/Wcli#flMB 1 <03K^I«l«Sa~ «y h 2 5 
A** 1 Ojao^gJ[«B 2 Oftftffcfflfltg -y h 2 5 B 
3& f 2-?BHtfe*ls »ftA 4 <^**;KCli#ftftB10 
^ailSmfs-i- y h2 5A#lo.l.o#tt*B24>* 
#!iHiiIS§.X--y h 2 5 Bj&»30»ftfefLTV^. 
[ 0 1 2 2 ] # , #***A*:|!{IS:h.*#4Mft 
ffiHRifcL^. -y h 2 5 A , 2 5 Bc9f£H$ . 



yvxy-izmmmixtx^L. mM&2oe>ft 

[ 0 1 2 3 ] 02 8t1i, 1 fiKftfrMfitS 

3-->yb2 5ZWl\tt:m&lz^xwmLt:tf. z.<r>% 

KWm&i-- -yh25Ji.029.03O £*tl?tl 
K-fZolZ. 4'llt»2 2 J Mifflttl2 3fc|»tTfcJ:^. 

029 ts-t J: o iz. 2 2 izmttmm%3-~ v 

zmtfr&fflWRi 2 ammz* mmm*&tz 
m%*i^ i miz-&f^m%ftm&%ftim2 2 

bfc. ^0*^^gP2 2 b 0*«fSn^#^A, 

mmmi-- -yh25A, 25B £t£B LT^rl»3t 
^tJcUfSSi - -y h 2 5 1 . MMiSi- y h 2 5 

«ftLTfisaaf^ajt6ji£^*ft»2 2 c t^ieH 

SfiTV^. «rfc % irat«:3l6»«t8f2 2b. jfgiHfttt 
{S^a- > y h 2 5toXV1&mMR2 2 cli. 3fcii«iS 
2 2a^)|JgtiJHtT«>J:V\ 
[0 124] 03Ot*-TJ:3t. Sflfil23tc 
3fc^tiffl«SJ--7 b 2 5*iWt4*£, S@«S2 3c7) 
36iMf«2 3ai:4He/«S0S»»2 3bi:<Oiafc:. 

ft$tmm&3.--y b 2 5imnt>tix^h. o . & 

^*Sf ftO^ft A , - A 4 c0ft^3tO^ -V */H* fc . M 

s^iai^ , ? 1 2 5 a , 2 

5B^iSa$tiTV^. 

[ 0 1 2 5 ] 0 fe. mi 1 ItfflraoftJMKfflHR 
SSt:J:*itf. *ea«2 0**5v^*fio»Sr6m# 

-•/b25A, 2 5B^tftHtl.C:i:tJ:0, JBSLfc 
*9. ^1 0H*fe^«t|5|«^ffl^*«#<i>fLl,. ^ 

uzmmm^--y h^mmx-hm-siz^x 

[0126] (L)mi2mmm>mi 

&iz. *mnnmi 2mmmt Lx<omwmm^ 

tz^xmWt&k. 03 1li*<orn.y^H. 03 2 
fcJ:l/03 SlittiZtiZcomigmM&XV^yffi 
fi»J^t7*o.y^0T'J>l.. ^rfc, 

h. 

[ o 1 2 7 ] Aft u^m 1 1 mmmx'\t. m.mtz 
mM%m&, a^etftMrnm^v h 2 5 a, 

2 5B*»{W**^{C-?V^TRWLfc3&«. C^mi2 
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nmmz'it. Mism2o*x\ mm i*mm. 
mmmm, mizwm&nmm-- -y b 2 5 a , 2 

SBSriSBLTOft. 

[oi28]gp^. H3i~03 3ii. -en-eti. 

UffliSSa^-y h 2 5 £&fi$2 1 , *8lt§2 2 , g« 
$2 3tlS^cM^l-Cfc 0 . H3 1 iZyjktX o fc, 
i*«182 1 fcft#i*1iftfSi->y h 2 5 frlSttS^-^. 

m3£Ud£fii82 uzmhitzmimz 1 but, «m 

/ft^SISG 2 1 a *^C7)«^ A , fc A 2 fc <Ofi#*S: m 
tethft&mm 21ct, «Sl/3ia3JlS2 l a*>£> 
cofo%A 3 fc A 4 fc <o«t#*£«flrt-*#MMfc» 2 1 
d fc . i^4><%K^«'{b«2 1 c , 2 1 <nzx*)^mit 

%titz2r>m^%*zt>\,z$,mk?z>%%m\LW> 2 1 

[0129] -eux. m>mim2ic, 2idt.% 
%mm2 1 e k nmz. yt^mmm^-v h 2 5# 

iwiv-rmz, mmm&. *^<o#$MWi«» 

a-7h2 5A, 2 5B>WR|IS*tO>4. MUf. 0 
3 1 Tfi, tt&A , fc A it<r>+*r*)W)V-?\,Z\XW& 
*B 1 cO^«WHISa^-/ h 2 5 Kttl^mmito 
*u ifcKA 3 fc A 4 Mft^/yi'-7(:l±#aB l 
<Wfc4MHi««3.- v b 2 5 A fc #ftfl B 2 OfttflWf 
««x=. -y h 2 5 B fc tfl -f^mtthtlX^h. 

[01 303 zwtz. #f-r^;^;i/-rtcffig§n 

hmmm^- h 2 5 a , 25 Botsait 
vmm-t&mzte. s&9. miomtkmrnzxiim 

U:J:3fc, #^^OfE&^#il$?fc>$:fti<0£ 
2 0 iO^Si*^fflS^Sgt'J>a«f -?-<D$|£*i««o*V > 

[0 1 31 Life. H3 2fc**-J:3lC. +IS$s2 2fc 
*4HK*fl»3L= -y h 2 5 fcRft**^ 2 2 fc 
li. i^«t«llt»2 2*»jjW-43teflMIII2.2aO»R 

,, A 2 <o^-rfc^A 3 , k t 0>ynr-T) izfcm- 
mt&mwm2 2 at. z<v/tftm&2 2 dfcj: o# 
m^fitz^^^yfv-zrmzm^mmL. 

V>m®m&3-- -y h 2 5 A , 25B frftit LT &ft 
%tt&M{B.&3-- v h 2 5 fc , ^tStfflmHi- 7h2 

*w»^«ftLrea»^aiajr«*#aft»2 2 

efcjMEfiSfiT^*. «aLfc*iMi»2 2 
d , ^Sfe*l«»i~'y h 2 5*Jj:V3e^fift»2 2 e 

tt. #*fi»2 2 a^ijafcijy-rct 

[013 2] 3£fc, 03 3fc^-r«k^fc, SfHS2 3 
fc3^«CfflKa«M--«y b 2 5 *«Wt**£, ffif&Ucg 
fi»2 3fct5ftS3K^8ia52 3a{i. ift^A,. A 2 tf0f- 



■v *)Vy)V-~7b ifcg A 3 , A 4 tf)f-v ^//P-rfc fc 
#**-*##KS2 3cf:. *5A lf A 2 tf)^*/l^ 
r^Sfefc^ftSAL A,^#jtfc4Mtt**«- 
8ta523dfc, *^A 3> A 4 ^^^;l/^-7*?rSfe 

fc#A 3 , a 4 (Fm^zttrnthftftim 2 3 e tizft 

[0 133] ^L-C, ft#8tSIS2 3cfc. ##819523 
d . 2 3 e fc<7)0fc, fttt&Jffltfli- y h 2 5jWR«- 
MlTV^*.O*0, 2oofl^7fo&^ftft^-v*/l^ 

•yh2 5A, 2 5Bj6*iMIS<fC06. dOiofc. S?5 
1 2Wt»Ji«3l^*Mt*<KJ:iltf, 7t^iH^2 0 

#sv ^fc««<ojwr ft mmzmc ixmmtzm. 
%$>m.ffi&$ft%o%>£izi>. +**ny>v-?mzm 
mwm$L, m^<Dmmmj-~y h 2 5 a, 2 

5B£RSf$£fcfcJ:g. ±abfc*9. ^lOHig 

[ 0 1 3 4 ] ±& L,fcia«Rsmi, zmt-ti 

Afc^ ftffl* L^^^iJcffl«S J- - -y h 2 a«T\ 
flo, 2oc7)^^^;l,/;l,-rfc^tft^fcov%-CUi 

(M) mi 3Hlifi^®C7)iKBy1 

^fc. *fMH<0*l 3^ife^^t LT(^iWfflM 

fcov^ittHB-rftt. H3 4{i-ec7)yo.y^H. 035 
*sj:Wi3 6iizti?ti*cDmi%Bmt3£xsm2$m 

mZ7jit7V'v7mX'$>&. **J, 8B**)flr*fcH-0> 
^(4|S|-g|5^2r^tTV^ft^T% ^^KWiflMrt" 
ft. 

[0135] fi^ 1 1 . IB 1 2HiBBJBt«:. # 
#***/l^-T«fcjgSfcgil8t ffl-^r 
<7)3^fiJffli<III^- 7h25A, 25B tlSS^ft^ 
(cov^K«WUfc3& 1 , ^comi 3HSI^«T'{i. mm 
%2Q$>X\ M$tJ-**>l- (*mt®mxu4 j h** 
IV) <7Mf^fc*fL-&LT, m&WBiMk,- 
^S«H»^-'yh2 5A, 25BmW.LX^h. 

[0 1 3 6] EP^ 113 4-03 6J4, itlftl, m 
ftffil«»x-.y h 2 5 £i*M2 1 , +«S2 2 , Sit 
» 2 3 fcKftfc LT »K 0 3 4 fc^-f «fc o fc , 

j*fns2 1 <,zmm%m%3--~y h 2 5 mnh^. 
i^fns2 1 izm^^m.it^2 1 botigfc, mm 
mm. , n&tcoftftitmm&i.- -yh25A, 25B 
mmix^tm^mm^-v v 2 5#mbtix 
v^ft. mm. 034t-(i. ms.Bi<7mmmm^ 

i--y h 2 5 At^-UfiB 2^3K^H«i«Si--y h 2 
5Bfc#l-f^f&tt^fuC^ft. 

[0137] # . -ftixsmztizmm® 

||jL^-yN2 5A. 2 5BO|gS^, ffi^rSr^-Tft 
Rffctt. »9, ^l oiaiJKIitciOK^LfeidK:. 
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xy-izxvmtxtx^i. mm&2oo#<m 
®mmm-*im%tt®.mmz%z, t^mtK ix t J: 

[01 3 8] Ztz. 03 5t*-rj:^t. *II&I2 2£ 

mmm*- -y v 2 5 *i&(t*>*§i^ *am2 2 1 
(i, c:o+*iis2 2 m&-tz>mmi&2 2 a<m® 
*c« mzmm, m^<Dm^.mm^--y h 2 5 

A, 2 5 B SriSS LT&l>3fc#{!iffifl!fgi- -y b 2 5 
K«3*VC^S. Srfc. 3\Mffi(I#|i--yh2 5{ift 

tiiaSff 2 2 a^itrs^tt'C t J: v\ 

CO 1 39] m3 6l,Z^i-£o£, %m®23 

izmmmi--v h 2 5 ^fsit!.^ M12 3 

t*>ftl.^Ma52 3a^H?gtC. jfS&fSSifc, fi^ 
0##i**ifit*§ -y h 2 5 A , 2 5 B £t£H LT & 
l»^ffiCfiHSIsi--/h2 5*>iS{t^^-CO|,. Z<DX 

at. »i 3mmm^m^.mmmzxfni, m 
m&2 owzwzfc&mz&mtmzmitixm 
thm.&%mkmm 3 w&iz *> . ^ + 

f|i- 7 h25A, 2 5B*IHW-*ii:fcJ:0. ±i6 

L-fc* 9 . * 1 0 f&emt mmmm^mmhti 
1 0 1 4 0 3 i& Lfciairaiirtti, #*fl:"f * 

*/HS#4 T\ */WW>#lHlflfc> 
afc^fcowtKHW:*, *mMZtHzmM2tiZ 

i,<DX'^\ ttz. iMitzmi o~m 3nmmm 

-7 d D/d A fc £#jf LT#ft#frtifl£S&.x- 7 hcO 
1£tt&*<-tl Z b tfWgX'h t . 

[0141] (n) mimtmm^m 

mz. i&mm 1 4rnmmt ix^mfmm-m 

iZ^Xmmtlb. 03 7ti*<97n-y?0, 03 8 
(a), (b) te^-ftii>Z<n%l$ffiMt:7tf-7Bv 
7 EL Eg3 9l«»»23E»M*5ct^nv^0, 04 
0 lilt J: l.^'-y ^-x*aUSW**t0-C* 

mcombm-nmum-toftZTFix 
[0142] ±ML.tzm9-m 1 3mmmmx'ii. 

fWUBi-'y h24A, 24B, 25, 25A, 25B 

(Dwm^mz^xmwLx^&tf. z<r>mi4mm 

mX'it. &m&mi3.-v b 2 5 , 25A, 2 5 B g 

**. witf. m3 7iz^kt£oiz. mmm^-y 

b2 5^tf&Z&ltfffiMm-'yb25A, 2 5B 

<o«rat L<ummz* &%mti&m3--v v 2 5 

A, 2 5BJCj:*Ma8***l«Ld63t«B»2 6*ft 



[0143] mmm&tixit. zti* 
7, mfflk*47%zmmi&tix^h. 37 

mtZT*.t&ZbX\ #ffcjl-100ps/(nm- km) JJlhtf) 
ft%m&y r 4 > WSLftZtiX uhtf.yrA ><%iz X 

<0Mm&&z®mzmm$ mm. m*&**< 
[0 144] zzx\ zcomi4mmm(7)i:oi l z. % 

#fiH««Sa-.y h2 5A, 2 5B£EDFA*?tf)ftil 
fi»2 6i:-*flrr6ii:tJ:0. tfliffiHf 7r4A<o 
tfS*«MW-4£ $r*J. 03 7T«=&3K 
tfUrtfiflt^- 7h25A, 25B ««C31£4MB» 2 6 Srft 
lBLfc*«, 038(a), ( b ) {Z^fX 0 IZ. mWi 
mm^~ 7h25A. 2 5 BO^-T ( fttffrtfflft 
h 2 5 ) fcov^-o<03teHMi»2 6Sr#Jirr 

[ 0 1 4 5 ] 4fc % 03 9 \izmX 0 M^ttMfltll 
i- „ h 2 5 A , 2 5 BV7/V-7 ( 
•y h 2 5 ) WliSSt5J:^g^-5-iimt3K»i|BS2 6 
A , 2 6 B Sf«n LT t> J: v\ XiWIff^ 1 WiXX'b 
h b . gMfS«*i:^^ffl«^i- y h 2 5T'0^« 

=5r< . #»*0>*# V^*ffi[fflmSi- •/ h 2 5 $:^ti 
fiff 2 6 OHuStES L-fc*&(i N F < 

*5ftS 1 R4^fc3lMMWiMl»ai.y h 2 55r#A1- 

[oi46] -^>it-. 03 9tc^j: ^ mmm 

®3.--yh2 5<7)m&Z2mytmffi$/s2 6A, 26B 

t«tf ct i zmmzt&z bizx*). m^tm^mco 

NFZ>\^<?&ZbX\ lRtMHS£*tf)NF«yJv& 
<m&ZbtfX'Z. 2S^tM1iS2 6A, 2 

1 , <¥®&2 2 h L< fi5?ff®2 3rt^\Off A ■ ISB 

mm. &<nx?%ii3x'ft%btih. mm2 
i , *%m 22ht< mim2 3 mz. 

«SSa--y h2 5*#A-t4^-^S:3EttT*J#. ^ 
X-fARiMMc. -e<7)ei*K (3tf5M^2 0 ) tlBt^r 
«3B=5r«4MWilflt3*3---y b 2 5 imaLX&*5LttZ 
blz£*), *»USMiai- y h 2 5 20C 

[ o 1 4 7 ] a*, ftimmm?wn?®&}5 xx/m 

T'J y h«1g±^S^$n^^t>^^N'y^-^i: 

mm^-y tr-itzmt. zmfmn^y r-vzb 
mthmmixi>x\<\ mm. 039^1^ 

#lft*§raf&i->y h 2 5 t/^^->«ft:Lfct^04 
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OiZfjkt. £«0H4 0lci3Vvt, 2 7{iT'jyhS« 
X\ Z0)7V>b3m27±tZ* ffl§t2i<wmm2 

6 A, 2 6Bfc. 2®S3fflc03iyi-ittl«Si-«yh2 
5 A, 2 5 B*>&£*3^*|ffiKSJL=. -y h 2 5 1 4% 
KSfifcifctJ:'). 4MWMX 7 ^- v 2 8 
flTV^. ^rfc N #3t^ittlflS38JL-«yh2 5A, 25 

[0 148] i<0«kd^^U!fll«X-y^-^2 8S:fflV^ 
tZtX\ A'.y ir-i/lffiTjejHBMSr: >y h 2 5 

mz. *m<omi smmmmt Lxnmmmm 

t-5^TS»tiL 04 1 ti*<Z)7*n.y?0 > 04 2 
fc,J:tf04 3{i-e*i"Wi^*iaW9WtJJ:t«»2affi 

[ o 1 4 9 1 i^>» 1 smmmmx-a. 205- 
mmhmmki 1 , <ms»2 2 , gft«g2 3<o**i-e 

WC, 04 1 \zm i 0 &/£MMt&3-=. -y h 3 2 £ 
rtKLTH*. i^^«t«tfltSSJ--v h 3 2ii. 04 

(#2QBBB-CU:4aS, -eft-fftfl-iijtfttfB 1~B 
4) <33fc$HS^SS^-yh2 5A~2 5D£. *>f «y 
* -(flJJft^a) 2 9 A-2 9 C ^LT*iMftJMBfc=L 
- -v b 2 5 A~2 5 DOfi^tfOflH* ■ 3Be»ra&r«« 

[ 0 1 5 0 ] *IX. 04 1 lZwtftftfflM&3--v 
b3 2 X'lt. 4 WRQJ&MftffilfcLr: v b 2 5 A~2 
5D#3a-t$r£i$>*U X4* ??-2 9A~2 9Ctf>flJ8t 

JftfWc i 0 . MM frfflifM*-*) 3 7 
h 2 5 A~2 5 D £SHRLT3ftza*& 2 0 fcff A ■ ItS 
■C#6idfc*-5T^S. X4 -yf-29A~29 

c k lt(±. ^mmm^-y b 2 5 a~2 5 

>yf-t LTti. 3Kw*H*>r .y^»gga 

[0151] *LX. X4" -yf-29A~29CC0TOM 

fl-tfciO, -y^2 9A~2 9C$:ffl8H£ftftjiS 
Sftiffl-Sitco 3 o<WBMWI«»x^. x h 2 5 A~ 2 5 

d immt^z-o^x. x *)mmmmmim4 

2J3J:^H4 3(cJ: 1 3Sl«fl^ £. 



[0152] mmmizx o aifiw^^s^sr^a 

#8fcl/tli. S»IMW^#44IW2 2'sMWt9' 

2 1 . '+'18512 2 , 3@tB2 3fc*$lt*tt#flHi«»a 
- -y h 3 2 (7)#X4 -y f- 2 9 A- 2 9 C\IHPWI#£» 

[0153] 04 3K^JWa«TCttv Sft182 
3 (Sit. &S*fH82 1 , «2 2 fcfclt 
lsJ.- yh3 20#^4 y-r2 9A~2 9C\fl]$JB<7) 
iB»Hi#*aj*t i«ak, *6iS5R2 0fc:tJtt4fiSS 
«ftt (180$, **£**<SS*SttWe#R3 

1 X^l/O^. *LX. #X>f yf-2 9A- 

2 9C*«i»2 3lA^^li(lfCJ: y^LTft 
#SrtiMJ---y h 3 2H*$»tS**MftWI»3---y b 
2 5A^2 5Dcom-&-£ : k!miZ®t)®£%tfL>, 

im®m®3 1 izi. i)ttsm2 o<7){mmtm%. 
ix. mffi£&&2 onimn&tf&mtKmfrt 
vfflMsmm3--v b 2 5 a~2 5 d^^jeu sat 

«S 2 3 fecoWWI-tfc: J: 0x4-y^-29A-29C 
fcttfeU 3K4MR*lffl»i--y b 2 5 A~2 5 

. vteztunmsm 2 0 ofiga»tt**«ai: 

[0154] Z<?)£olz. mi 5 HM^©^3t^lWi« 
*5SHJ:*itf. 3fcgaUR2 0t:*JJ«29i«2 1, 
^22, gflil 2 3 £ . 1ffiB^0»i^ttflMt» -y 
h25A~25DS-, ^4>y^-2 9A~2 9C2:^-tT 
3fcJMft*lffltScL~-y h 2 5 A~2 5 DeM&tvm • 

0. X4 ■yf-2 9A~2 9C*ftfft«;k , C, MM 
MflHSJL^. <y h 2 5 A~2 5 D<04^jfiS&*fl-£tf?) 
3K^tS*l«l|i->y h 2 5 A- 2 5 DtfjStRSftS. # 
04 3 t^tJ: 5 fcfltafct* i if, jBMHfffSS 
i--yh2 5A-2 5D<7)ffl^$r. %tm&20(r)m 

mmtfmbZh&i&izmmzmmtzzktf 

[0155] tea. iMLfcm&mxu. %&m*2 
ommm\m2\, «t>«»2 2, sft«i2 3^ 

vwzmiuzifis xmmm^v b 3 2«. jsfi 

«2 1. +«2 2. gfl«2 3^3t>«0^<f:t- 

immhixhztM^otx'^w 

[0 156] 

mzititt, mz^kottw&^Lm&tfbh. 

( 1 ) FWM^a»*»ff-CS6fcfct>fe:. ^$H<fi 
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[0157] ( 2 ) %T>rmm. hiwmm 
commzm^mtmmti^za^x^. mm 

mmnTmz mx-z h <nx\ m,mmm m 
%i>Mztz>tti>iz. MfRgmmmzz&m&m 

coi 58] (4)ftyTjj<cD%mmxtmmn 

\mz&^*)v<nmmwm.x>%htm^ m. 

m.zwmzx'%. mm&^mwDm&zmm 
w^^esas £Vteimwm&zm.x'% h 

[0159] ( 5 ) %y r A Ac7)*^|6]<^H&fcS 

ift>-o*mj&- <mzh.iim&fiiz, fwmosw 
mzti, &^mmmmftx'*z>m&mi. 

(6) SPM-GVD»=J:l.*^MtSr#i:t^fi 
*mMmZft%l&mK EDFAOfJ#»\A EDFft 
rttefrf-* *>V<?)mmtZWMt& ZblzX'O. 

[01603 ( 7 ) #f- **>wm*&tcoyffim®ft 
izfctxm^mmw&LxWi.'fctbzuzi*) , * 

l>#fi^O£»#:#j!f$*il>i:i:i>K, *#ftfiHIts 

•cis^-t h zbizx*), %-ft%Mm%miitffimtft> 

[0161] ( 8 ) ffi*^{E£&^t£5BMiJ^fi£25 
£lSit-§3fm>i.h&<. SPM-GVD^^J:!, 

■e* s j 3 tc=5r o . mmisAT j>mmt xoxmm 
tewsmumzmmx* &m&mz> . 

[HI ] WJ^JSlllJMiJ: LT^«^*fsi* 

■nmziwhmt^ ^iv^m^mMim-mxh 
h. 

[H2 ] *^^minw®i: Lxnm&zmm 
■v7mx'b&, 

[H3 3 *mm\mmB<7)®ftmm hmx*> 

[04 3 *m<T)m 1 ll»®O®ft£l&WI>0T';fc 

[05 1 *%,w<7)m2mtmBb Lx<r>m.%g>mm 



[06 3 *^o^3Hifi^©t ixcom.m>mm 
^znnim.^ ^m^ms.m<-tmx% 

[07 3 *^^3^Jfe»©Ofi)^$rijeBJ-r| ( 0Tft 
[08 3 *^om4HJfi^©i: LTOftjfcfl£»i3* 

^tcfctt hum.** *)wmmm*7ii?mx% 
*>, 

[093 w^iisiisfe^ret ix<?)ft®%mm 
ttizmmm* ^m^mm^trnxh 
h. 

[0103 ^mmemmmb ix^m^mm 
m^za mmrh * ^m^mm^-tmx'h 

[0113 *^^6HJS^c7)||)^SriJiHB-ri,0T' 

[01 23 ^mmemmmmmmmmx 

[0133 imnmimwmb tx^^mm 
mttizm&mk^wm^jtmmTik-fmx'b 
h. 

[0143 *m<r>m7mmmb Lx^^mm 
•trnx-hz. 

[01 5 3 *mmimm.b ixcom&mm 
vtmxhh. 

[0i6 3 edf A^f m&miwm-^ E D F A 4 

[017 3 FWMfflJEffl^-h'Ayh'tJitXf-v^HB 
B£^-f0TS>l>, 

[01 83 ^*^10#fSdl£?aA^-?fc^W® 
i^t7?7X%h. 

imi9\%7 7 4*\i)w-bM!k*m ! mmb<?) 
mm^-tryyxhh. 

[02 0 3 FWM?^$$<0ft^3fefcR^tt£5r^ 

yyx'hh. 

[02 1 3 f- J r^^i:Xf-HA*yHtcoRI^S:^-r 
tfyyx-hh. 

[02 2 3 W^^7HJS»«ti!»tl)^fiJt»^tf 

h->% izrn- tmftm.&b%?mm.b<r)mmm 
?y?X'bh. 

[02 3 3 *mi<r)%8%mmb ix<7)%®.&mm 
m&\,z&vhmk7-**)v<7)m^mm.z^irmx'b 

[02 4j *mcom8mmBb ix <rym.^mak 
mi&izMfh®&i-**)wmzjrMimw$ffimz* 
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•trnx-hh. 

[025] ^m<msmsms l zmtmm.m 

[H2 6 ] *^Bg^9Hife^t LT^fttfifcffifit* 

[12 7] *^«om i onMm ix^mmm 

}j:£$:*-f 7o -y ? 0T&& . 

[02 8] *mnm i i tx<v/tmm 
i&&7fi?7ci-y7mx'b2>. 
[H2 9 3 1 1 mmmmt txcommnm 
ttv>m i ymmzmy* ? 9 mx-h h . 
[030] *»!B<o» 1 1 mmmk Lxnmmm. 

[03 1 1 ##!H<0SS1 2ggt&BSJ: L,T<0#$HMMt 

[03 2 ] #m<m\ 2mmmt Lxmftwm 

1 gwm&m-y* * mxh h . 
[03 3 ] #?&Hjojf£i 2njt^@t ixvximm 

[03 4 ] *$hb*>*i 3mmmmt ixnxfflwm 

Jr&*7fif7v>v7mX'foh. 

[03 5 ] 1 smtmmt lt^mbmwmi 
1 3mmi^-t7v -y ?ht& i> . 

[03 6 ] 1 3HiM!i: LT^WKirtMMt 

**<0 * 2«»0!**^rn -y 70T& 5 . 

[03 7 ] *momi 4rnmmt ix^mmm 
-m**t7uv?mx-hh. 

[03 8] (a), (b) ttVvmfc***3JS14H 

•vtmx'hh. 

[03 9 ] *ftfflomi 4«JM»IU: LT^3^ttffl« 
**^>Sf 2 3ffiMZ^-f7u <y ? 0T'J> S . 

[ 04 0 ] *%bj^ i 4 gJ&HRaS 2 SBBWfc J: S 
A -y ^-i^hSM *S?t0-C* I) . 

[04 1 ] *#p!«>sbi 5ismj: ixaxsmm 

[04 2 ] 5XJtfBflU: IX<VMHHM 

i ajHWfcis* 7 ? mx-h « . 

[04 3 ] 5HJ6ffi38i: LT<WK4MftHfll 

[01] 

i Chi 2 3 4 . 

Wf-PfrPSl III I 

□ I I I - I 

\ / «- 

7 6 



1 j*fi@8& 

ia u-irr-f*-H 

lb 

3 m% 

4 gfl®8& 
4a 7fc7 4/k? 
4b MflHK 

4 c ^?ms§ 

5 BSXKAd' ( fwm ) fliEffltf- KAy h* 

6 £»&fli 

7 m&m 

1 0 ft£S£B (S4+«8^XtA) 

ii mmm 

12 

13 

14 gffifli 

2 0 ^ejM 

21 mm 

21a «Sv/^^S5 
2 1b~21e ft&Wm 
2 2 

22a %4M» 

2 2 b, 2 2d KftffiM 

2 2c, 2 2e %%WkM 

2 3 S<1«8 

2 3a, 2 3c-23e 

23b ft/mfMSS 

24A, 24B, 25, 25A-25D jl^ttMHRIS 
2 5a *t> 

26, 26 A. 26B jl|^IMBS& 

27 ryyMW 

2 8 ^UlffllA-y^-^ 

2 9A-29C *-f «y* (flHB#R) 
30 ty^-*7-fX(CO) 

3 1 <SS*1#«£#gi 

3 2 ft#ft*fft38.x--yh 

[05] 



■ 

n n-M n+2 n+4 n+5 n+i 

I 1 hi 2 ^ I 

7 6 
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[02] 



[04] 



L-90Jcm ( P>+3dBm, f 150GHz, n«l6ch 



-20 



- -30 



-50 













■*-3ch 






-^4ch 




0.64 pi/nm/fc™ 






HOnm) 





-0.3 0 03 1 f.5 2 25 

chl Dispersion (ps/nm/tan) 



chl 



-50 



[03] 

L'SOKm, P«+3d8m, f»1S0CHg, n-16cH, D-chl 




\OiO pa/nrvton 



1 2343678910 11 12 13 14 15 16 
Channel No 

[06] 



Af 

n n+1 n+j 



_ 



n*3n+4 n*3 n+tn 



[07] 



L-90km, P-Otfflm, f«2O0,T50GHz 




chl 



[08] 

+r*Mm Af- A-X(A.B.C:tft X:£«) 
At'" B • X 
At" • CX 
Af Af 1 Af u 



******* X*> 



n n*l n+2 



n+3n«4 ji+5 n«n 



6 



II 73 



50GHz/div 



Xo 



chl Z 



-J I 

feard ImiuI W AXi 
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[09] 



[010] 



chiAtfUeS-f kt%.chjAftfl*«.f ±A-Xt«Rt«l=S£ ch1 2 3 4 5 i . 6 7 e 9 m 
<a:*«, x:*«) 



Chi n n+1 n+2 



IO 9 



> 
i 



^ 6 



[012] 

L-90 km, FMWBm.f -150,200,300 GHz 



[01 1] 
L-90 km, P-0 dBm, f-150,200,250 GHz 





100 GHz/dlv 



cht-16-24.4nm 



chl-16 24.4nm 



100 GHz/dlv 

[013] 



[015] 
13 12 



I. 12 ,2 P j 2 / ,0 a 12 .4 

Ll.»-|b* 



1570 



EDFA bortvldtb fiXEDFA 



WovtltsgtK ( ami 



S o 

i 



aXspm-ovd 



aXwom 


u ^? d 




aXo 


' AAA 




k B aai 




^AO 











LH-rvp 

13— *tt«I 



[01 6] 



[027] 



d8m 



^0} 



/ 



20: Witt* 

25A 25A 25A 25B 




21 



22 



ZZ 25 23 




195 156 
]&& (Mm) 
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314] 



(no.) 



j HE 



I [ aXwpm j 



U III lit li 



AXg, 






^ aXjpm-gvd 1 






— i 







> PC I 



aXspm-hvo 



X'spu-gvo 




[H183 



[Ell 9 J 



en 



-10- 



AX« 1.2wb 




1000 



Channel number 



100- 




L 200- VL^ 



9 10 

Fiber input power (dBm) 

10 Gb/t 
Lm-tiM • 70km 
Pro- chirping a * ±1 
NF ■ BdB 



[020] [02 1] 

Zero Ditptreioa L" 70 tun, P-+6 dBm/cfi, Croutalk-OOdB 




Signal Wovelength Xt (nm) 
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[022] [1323] 




AXo Urn) 

(a) 



[024] 




15,» 1^0 1635 15,40 »4S 1550 13,55 ItfrO 15,68 " "° 

| EDFA bandwidth aXCOTO | WawUogttloal (b) 

,«25 




aXo (nm) 
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[029] 



21 22 

f 

J ~- . 



/ 



2p:MEi)ft 



23 




J>22c\!f 



nii 



22 



— JlMUX *DEMUX 




23b 




I 



[030] 



23fl Vn_Xi 
22 



Xi, Xs, Xs, X4 



tMUX 




[037] 



[042] 
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[H3 1] 




216 



23o- 



Xi, Vs. ii, X4 




23b 



[032] 



20:fttftft* 



21 




25A- 
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[034] 



20: fcfe&ft 




[035] 




23 

/ 
I 



23o N r — M*--^ 
Vt"UUo7FTI 



Xt. Xs, Xb, X4 




[036] 

2o:«ftil» 
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[04 0] 



[043] 



IMPUT 



OUTPUT 




21 



22:**W 




22 



22 



31 



[04 1 ] 




[4MffltiE*] 

IWHB] ¥i£l 4*1 1U5B (2002. 1 1. 
5) 

[¥*ftiEl] 
[«CEI*J^] 

immm®&) mm 



^!2iaii^Maa±&ii2^iffiMMfi 

«j^MB»g^iate«^ £ . » i mm m, 1 j^i^o 
as i m^mst m 1 3fe»g««fc as 1 jKtwis 

tcj: 9liBStifeaS23Km#<O^M«LTffi^f 
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^MIMiifliastci: 94HBflfflStafcliaSl 3fefi#^lji|gL 

Mm 2 m*w**ttwi$2wmmtm 2 

fttfllMB8fc.fc 94H»^3ftfcB»23KttWlHBl 
Tffifl*6»23flWI«fc*^g2A~y hfcfegfr 

u 

U 

flHiSftfcaas 1 .ttraBS23Kji5g>ftiirefli 

u 
u 

ajfflMtSftfcttlB 1 7feft-tfeJ:tXMm23^i-§-^^ 

asjt 0 t>jn^<&^&»23Kfg^fc iwit 

Km 1 ^ft^$rtg^i> A^fflm 1 mmatk mx±m 

m 1 jfeHMBilWzJ: 9HHB3ft.fcB» 1 3EfI#g>ftifcfcii 

mm i jEttmgg k i j-- 7 b fc v 

mixaii+&*2mm.«kim2mMmizx 
wm&miiKtzmi2ftm^ztmLx$!,j)-?z>&i) 
mm 2 w®m t i^tsm 2 3. - h t £ t x mi& 

*) h^m^^-t^2^m^kizmmmt 



m 1 wmtx m^ntzmm 1 m,^<yrtmm 
ILxa&tM 1 frBKaraas fcMm 1 dUMUflBBic * 

urn 1 imwMk Sr#om i^f;:. 

ggm 2 ftfg^iBfnr & A^wm 2 mm t mm 

td2mmsuzx Qm®ztimm2m*<Mrt6Lm 

mbxihti^&%2tt%mm&kz-&tim23.->vhk 

&*Mr&mikm**. m\*mkmmi>m^ 
**Mt>*\,y»&**i-in2m*kiz*iumt 
&mmk> 

Mm 1 m^&mt ^Aafflgi ^muggg k mxnm 

1 LTtfcft-rsm 1 ftmm&k mm 1 jMBawawc * 
ommmzntzsmiKm^zmmLxtiiji-t&iiiji 

mm l jKtMBSB k fc-fr tr* U^iiL 

ra2^*p^*Mttfr&tt2jHftMfite«MS2 
-c SMI a fliaim 2 wsmk as 2 3- - -y h k 

ZZtclXffi&ZtifzZkZmiki-h. jK»MtBBB. 
[itaqi 1 0 ] lift S»g£S-r&ttag>3fti#fr-fr 

fraa^HM»sfl3fli#s » m 1 ^ft-^fc Mm 1 3EH# 
<d®%x 0 <>gv^^#t&S23fefi#fc iztemm 
■*&%m«k , 

Mm 1 jEft^frttjtg-f s A^wm 1 ?fcti^^MA^ffli 

m*xjmmm±mmkjrgmi3^y± 

k. 

Mm 2 jKft^O^^^ LT flttfrf 3 g 2 jhfiSMgas 
fcfgm2^gjiMTO2 J: 0^MMmgfafaKai23fe«^ 
^«MLTa^&ffi^«W2jfelMggfc^»tr»2JL 

fr»ga«»»iafefi*fc , m 1 jfeft^fc Mm 1 3fl§^ 

im2?m**mrt-it:*)<m2&!kk&*%txm 
&ztuzzk*:mtk-t&. ft#*ms.. 

mm2m^zmmLxihj]i-$>fcit)<?>m2*&k . 
Mm 1 m^xmztitzm 1 ^^fcMm2# 
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mm i jfefi^g:««-ri. *x ■/ r t , 

triMHHB»»iaK«**> »13Kfl»fcB»13feflW - 

B«2^^1M«i-&»23feii^fcB»23K<MmB 
KJ: QJMBgixfc^2^»0iHft^«fllLTffi^'f 
^»2^iMt«fc^-»tf»23^y 



Km 1 #m*MHk*Wtt-*X 1 JMMMMfc BBS 1 

B»2^^)^tM«^4»2-iMB^«fc«Bg2 
Tfcft^l>fg23K^ISgfc££fr%2a-7 

u 

mmzntztm i aag-tfe i:i/W23tfi^#%c£B'j 
[fi^ja 2 0] g& mM£33>w&mM£ 

u 
u 

2 3HE^ k tz&*imtlftfMmk. . 

ISm 1 Aft ^£li<B-t!>A:ftll% 1 jfelSUggg fc^X^ffig 
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®Lxiii*i-m2tt&mmbim2ftm${miz£ 

IRlM2^ti<gggj:^tf^2J---y hbZZ%Z-Xffi®. 
®LX&jli-m2tt®.®®®ti:l£ts®23---y hb 

zz%txmi&2tix^$>c\tmwit-rz>. mm^ 

mm i tmsat zstsm i j._ -y h ^ , 
im 2 m*frMmzm*t s % 2 mmm mm2 
ttm&®mz£ vm®&ztitzwm2±fm*MW>L 
xft*i-&&mm2ftmmi®tzfttsm23-->y tt 



i8B 2 mi^Kiail LT ft^f 6 % 2 ^IBMBg 
fcjjg24MBlMBlft:J: 0iHtMlMtgfifc«IB23l£^# 

[fB$3f2 5 ] MMMMgt^^itiM 
B^mfr6^lfclittg»»l3Kfl#£\ gift 

mmtixm%mitm*T*£.m-htz#><7tem* 

sai2 jai#^MffitL-ctBji^fefe<oi62¥afc . 
»iBi#gfc:j:oT««aiifcaaii3i£<i#fc«g2# 

iMia27i_^i^aibti2±^±^<^s 
tm2m^zM®-tz>XT-yrbi:$tszbtmib 

b^_ 
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i j-- -v hrmmztitzim i 3K<a# e sat 2 
m&zntem^t Lxmij-r&%&mMb**% 

*.xm&$tLX\.*l>Zb*WBLb'tt. wm^xr- 

mai&m&m** > » 1 %m*b mm 1 ^ft-^& 

ft* 0 fcftV>»ftS**6»23fett?fc fcttftftMM-j, 
flaggy 

itHl b l a-'y h b . 

B»2 jfllWOTWSS 2 jfctWBte B» 2 jfeWMB 

fcJ: 9«@£ftftt^2^#cOfrja£^ILTffi:>rf 

I>g2frj|j^a&fc££fr%23.--yh^ 

SaB 1 -y h » Of 335 1 jEfjg Km 2 jl- y h 

m^b UTffia±M^a£^i±MSffl^M 
ixmirt&x<PMimb. 

fit im*m&%%%&itftm^z&±ti&mm(r>m. 



fk± 9 fcftHttftfrrJ-6fg23K^fc £&ftftfifrf S 

afiftgg^ 

xtaij-ti m 1 mmi$b i^~-vhb. 

X&J]?im21tmm&bZStsm23---y hb. 

t>mm 2 xm^b z&mmit immimmmt 
%mb \sz&tth^vmb±**\xm&ix 
x\ihz.bvm.b-*h. mmisXT-i*. 

ttisa&*.tem** * gi asanas yfrfegtti 

frt &g 2 Mgfc KftJBHl l , 

ag 1 3Km#fe J: mm 2 xm^m&zm « iznm 

U 

^M^Sjifc^l3^#fc^iMMrS ! Kfe«ait23K 

jg±lMfitliliL^mit&ftofclg± LTg 
2jeai^>fy^ffij]U 

Sg2 jEMfg^ ^^^l^jjf^^b^i^g- 

(Fffimnztizt&'zmh z b mmb t£ , m 

T. gljfli#fcBgl3M#O*«J:0fc«vqiEftfr 
frf Sg 2 m^b KWMM. t . 
B^^*feJ:irag23^*<P^fclM«tailfll 
U 

ftgflMtS 1 ^ff^-fei: lXi£g 2 jfefi^Effll* 

Vaunt LB4^«te#«fllfttt*fc»* ftSBtttt 

«Sl3K<§^feJ:tfKg23a§#^fcii<BL> 
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t3MiHl/tffiaU 

*WI3ftfcflm ^*fc<M3 ^lia23K«*fc £ 

izx vmmzntzi$M2m^ttmMmix&j)i- 
tmmm 2 zmq&ix mx-th m 2 mma t % 
mm 1 a- z b frt><onst 1 aaa 2 j.- ■„ h & 



H 1 a^§j^MM± sat 1 mm tmm 1 jEtitf as 

lz£ tifeBS 1 3ES#g)ftftettffilTartJ-f 

^23^^^1M<li-4»2^B«fc^2jKHI«IB 

t )mm^h.tiwm2%m^co^mmLxtiiiJi- 
tmi3.--ybfrt><7)mmix,m^kmm23.--yhfr 

ixuiii+&%fwm&k. 

%Mi>z\m&*tth&2^^k\i&&km-h 
mm 1 xmttmmt- m 1 j^tiiigsg^MS 1 mm 
m 1 mafias fc mm 1 ^a§iiii^ a ^aaeiig 

-irtfSlJ---y hfc. 

^23^^^^««^t»2^lMI«fcKai2 

•ca^-tt»23KlMBgj:^tr»23^7 b fc. 
K»la-y b^fe^BHilj|£fg^Bt82a^y h» 

mim*m&m%mim^tz&£ixzmm<Mtm 
&£Vh%^mz^i-z,m2Km^kizmmM?& 
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ttmimmzi: vftm$mztitzmm2%m^zmmi 
t><vmm 2 MS. t *MMS£ Uii^ilM 

mmzmitfmm. mftmkmmi*m^<r>m 

mm 1 m^mmtzt&com 1 . 
mi2m. j $mm-htz#><r)m2*&t , 

mz x ~>xm®$titzmm2xm^t zmmit tm 

®k. 

mmitximt Lxih^-thr^co4>m^b. 

m^m^m^m^mtm^m^m^m^m 

im*mtmmnfcftm^z$tnmmi<7)ftm^ 

immmfrt>%m uzm^mm^m^ .mix 
tarn 1 j: o -c^figix^i^ 1 %m tm 2¥ 

ta*&f£$j|£tt'fbfcfi-§-j: LXiiijl-tZ>*%mfc®k 

zztcixm&LZtix^&ztzimki-i. 
imzftrnzmtftim- z . m 1 jflt# t mm 1 %fi# 



mm 1 3Ef§^£ jm-ri. *t -y 2 1 , 

f^23^SrfflHrf&XT>y7-j:. 
H^$^i^lj^§^j:ffli<I$^i^l2j|^i-f j:Sr 

frfe^-g^ajbEft^fr , as 1 jfefi^ ^ Mm 1 mm 

mm 1 xm^zm®. Lx&x-thXT-yrk. 
mm2m.^zw&Lx&-K-*hXT'yTk , 

mMms&±mmMm%mk Lxmutzx 

[¥*HliE3] 

iwjEMmmzi mm* 

[4fiE*t£3g&] 0 00 2 
[SBE#£] £S 

[0002] 

( Er-Doped FiberAmpl if ier : E D F A fc V> •? ) 
fcftfi^Mft (Pa^flt) tcOfflSa* (JjlTs SPM 

[HjBWRJSB*] 00 17 
[00 17] 

^•ie$rliM-rg>g2^MMi<ga?r-»tfm2J--.yhj:Sr 
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^coftmm® lx mij-tim i ftaat«afc saois 

. lo^ThL tt»23ffi#S*IBi-SS23BMBafc 

fii<iLTa^-ri»ag2^ffitam§gfc^^tfm2J.-7 h 
gas i ±m^com^x o t>*vi»jte*-r*»23K«9 - 

1 ^HIBlifl«fcKMt 1 ^IMlMMBfc: J: >0ttm& 

mztttztm i ixftjii-zm 1 fttinsB 

&m 2 jMftWKitat a» 2 j: 0 

titzim 2 ms. zmsix mirth as 2 jEta^ fc £ 

ag23at-f^ft^M>»t:Mflw& ^ k zmut lx 

*W23flrafc(caHMHtU 1*8*1 

lfl*8* 2 jj^MiS^ t; ffiflft IT ffifl-fr* £ £ 

feJ:tfBW23Kg^Mft^ll^t:jlMlt. frgMttfilS 
nfeB« 1 .tlTOS* 2 3tt«**M« fcUMi LT 

a^gMH&frflflti/caart-sa* i #fi»iiflgfci*as 

fc> Bg23feB#^HM§-t&X^I1B23l£>Mg«fcax 



w®mmztitM2xm^mmix&jii-& 
fr&fi#w»«iafli#s: , % 1 3tti#fci*8* 1 j^i-? 

fc. l^2j^-t$:ti^-ri,A^lM^2jfelii|gggfciSA 

j)\m2xmmmzi r)wu$tiiztm2M*cMm 
mm lx ihii°t*m2MSMm» k zstsm 2 j.- - y 

qHfflK»waai (11^9) a, »Qr&»*^^&ji 

fcfigl 3feft#g)fe*J: 0 fcftv»«<fr3r*S»2 3KB 
IMjSMl 1 MtMi^aii IX ft 1 1 * 

fmmbm&imMmiizi. ^Mag^in 
tjsu-7hh iKm25fef§#co^gt^iiii-rg,^2 

^MWllflt«fcKg2^IMlMa{K J: D^ttMfllgnfcK 
m2jKfi-f-^tB^LTtHjl-f-^.ai^lffl!im2jKl§^a5j:^ 
1ftm2^vhk**%x.xmtfLZtvfcZl:*imb 

Lx^h. *itmn%<m8M. imxi 0 ) a> ^ 

^^•&S2jKf§#fcK&^g-r&jBMi«fc> 

1 3fe(i#Srti@i-i>A^iim 1 wffiSkWJiam 1 

xi}ii3-f&miftiw%mk&-ktsmi3--v}-k. m 
X2m*<M/m.*mi*ix tiij]i-&%2 ft®.®m& k 
Wd2mmsuzx *)mmsii*ixt:tm2m** 
w*ixmii-titiiiim2mimki*ttm23L=. 

vhk***LxnilL1*tUZZk*mikLX\->t. * 
flt^K»13K«#<OttJIJ:9fc*V«Jtfr^rt-&IB2 

g-*-sfc*><p»i#afc, f^2j^g^^jiagt-i>/cy) 
*%>wcox#mmw (mm 1 2 > a, jMr&»^ 

hm%m^k izfo&ftmthftftm&k . bib 1 3m 
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#mnm (uraaai 3) a. inmn 

aim. m***&ittbmwm^*i&&&it 
mmitm^z . m 1 ms. t mm 1 mt^com^x 

fcfefefrgt-r &3K«-«g . mm 1 3fef§-^ft{ft£ 

ftmm?&zmm^z> m 2 ^mm^^tm 2 j.- 
vhti*%txmiiZiix*\izii&imkLx» 

m 1 ±m kwm 1 wi-ofeRi: 0 i^iv&iijia: 
&m2ftm^kizmmmthmMi$k. mmim. 

mm& k z-ttsm i3.--vbk.mm2 %.m^imm-t 
hm2^m^ukmm2^tmmmzx 'om^wztm 
2mtyDjm*mmix&iii-hm2MiMmk t 

&tsm2^-v h bZZ%tXffif$.2tiXUZZb*ft 

mttx^i. *mtoma&i'X ; rJ> (Masai d 

%j%Ztt&m2ftm%blz&&#M-?&!?£ftM&b > 

2 att^Mait&Ma^gm^iii 2 



frj-SMI23l£IMB«fc ££m2i^ybbi£&tX 

% m*. m%mbmi%mm^^^ 

mmt. imw&mzmmm^*. mi xm^bm 
mim^ffM-^x*) feg^5s#*-6g2jfli#fc 

fcttfiftKU ^13^#feJ:trajB23Wg#frjM« 
fcttBU itMignfeaSBl3l&@#feJ:tfasg23l£<i# 

*?«B^3i£^ara (i»^2 0) a. mM& 

0 fc<v4«fr<M-&«23KB*fcfcajl 
■ ftliU B»13K«^J:t^3B23K«^)^tt^« 
L > ft&jUSS ftfcttW 1 jfllfrfc J: rflttl 2 ft 

♦fMHtWfefiat^Xf-A (WEBB 2 1 ) tt, ilfrl>feR 

m^mm^^muzmm^m^m^. mi 
mftbmm i %mmM a fe&ag&a±&g 

fcaat i xm^m® ix mii-t & aajwas 1 3^*anesp 

m2mmubm\jjMm2%tmmz£ vmmzti 
tzmm 2 %m<r>%HL imm tx a wir 2 ttm&m 

^mm^xsmsmhmzmmizzsmz 

^vYk**%Lxm&ztix^hzk*m)ik tx 
^i. *8Mnm&isz.TJ* (aa^2 2 ) a. mtc 

tth*2%m*k£iii*&m-ix!kwuk. imi 
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m/mb*i&&i\^ 

(§ftsgg2 3) tt, gfrSttgfrfr*- 
KmUMteMm**. »13EB#fci8Bl3Kf§^ 

m^nm&mm ixm iitim i Mm i 

fc> ^23^#<^^WK^6g2»tftWfll«fca 
»2ft«dMtaK:J: 9frfl^3ftfca3623feli# frig 

iiiL-caj]t-i»ajjaig2jKiMssgfc^-grtjg2a--y 

mm.mm.t-h^.mLtzmm.^m\\L%m^ . mi 
2jat#j:K»fi^Mit63e»K»fc. w&im** 

m 1 Kim®® t &*ttm i^h:, mn2Htm 

jrrz>mi>wm2ftMm&t ^tti2a-7 b t 

%lXffi&LZtiX^&Zb*<WffllbLX^&. 

mskisZTj* (nag 5 ) a % mtchmktt-th 

&IB23^fc<ca»S»«*Sjte»^i:» MmijEfj 

wmmmmk , m 1 anas Kg 1 agggg 



«g2#afc:J:oT««S^fcKg23ai^i:fe«fi» 
MSM&M&Mh i**txmfLii*X^hz.ki 

mib *%»a<oji£ea^a (arasi2 7 > 

zmtm^t . m 1 jfef§^ tarn 1 ftfi-^feii j; 0 

7b. mmiytm^nm-thx^-yrb. im2%m 
^zmm-t&XT-yTbZ'ktszbzimb lxw. 
xmtv/tss&m (araai2 8) \t. y&zstem 

X2m*b&k&ftmr&AT>yrb. mmxM^ 
zmmLxftjrt&XT-vy"b. mimMfflLL 
xMMtxi^Zb^ mmztitzmmiitm^bmm 
ztifzm2m*Tb mmmtthXT-vTb ^ 

sm29)ii. mtt6&&zirt6wak<wmvi:istt 
&&mfcm^z*ML*mimfkzmitftmnb l 
x mij-t h 3K»«^« b . aa£^«aa»^ <?m&m. 

mmwbitKi. mwwmtf. mmzmwim 

^^&jB23^#fcK»^jMli-t6j|^HiaSj:, tm 

-vbb. wm2mM>smMk$3sm2ffigm 

gglj|£fi#fcKai23^.yhT«fllS<ifeKg2j|£B 
»fcUT^&. *fKBQ3tfeg^Xrwa> (11^3 0) 

mmmm^<?>zti?tiz%m-z>%&mmwb & 

23ai#fcfca^Mi-f43l£ft««fc> ismij^t^ 

S8^$r-^omiJ.-'y bb. wm2^mmmmh^ 

2fflW»b%m21tWmiz3: 0<MiStlfcKg2^ 
<iW»^«WLT tfW6g 2ftjftfflBff fc |±tj 
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mmmtim 1 * vwmtiListvrzm 

{&**wmixmii+im2!mmb*'&um23J=. 
*smcwtf*b ix&ttzxzmimbzzzix 

fit IT. »13Kfi*fcB«13K«^ftJ»:Dfc*l*tt 
ftS^*»23iro#fcfcaMtft«U B«i3fefl#fe 
J:iraS2^frcMHttfrM«taftWU ftUdfltSft 

^a^L^f^fe^g^f§#fc lT*23feaH89>f 

a l . urn 2 mm? a vt^mmm^ 

aft&i^g»^#fl*ftgft.£gtt-f & £ fc t wa 
ltv^ *%Bfl^fieat^ra («rmi3 3 ) a. * 

^ »ms&<I9>f yfrfegglT. mijfett-i-fcl^ 
imAm&Z. 0 t>*t«JaMirJ-SIB23Kfi*fcfc 

ji#fcflHi3*ufci8B23fli#fc ^jft^a^L^iaa 

xmwttittLizmttzkiWBib ltps. * 
mfrmsfim (itasa3 4 ) a. a^&«[g^^rr 
&«HR<^aa#^-»trift^»a^ai£fi#^. a 1 flan 

J:9t>^v4fe^^t4g2jfef§#j:(cife^MiU. IS 
»13lMi^fc«fctfi^23Ke#frffl«fcttBU tiUS 
ftfcttiB 1 feAlflSg 2 jfli#g)>ftjft£Bil* tea 

«u ttm%mzntdmim;^btt®>M®2tirzWi 



LTiB23feaMi9>fy^a}^L. IS%2«t7-fyfr 

&xitmii2?mttim&m*iziimu mm* 

tvfcWm 1 3fli#fc J: tfi8823KJit£J«« fctjjULT 
ifcftU «egfcfcagl3fef§^j:«MBgiifeaai23K 

23^94 vMiftu s»2jta<a9-f 

^3 6) fct Bfr6ifcft&^.6«»gafeflW*6fr 

*a&m<^****L*imtmmfc!m*b 1 

X m-t&XMffla. b , R«»«aBl»6 <0B»Hlttt 

aasiwiaaiiy. i^^^bfefi 

$r^rri>m2^f§-f-fc^^-^i>^{iggfc. i^gg 

m&ztiKimixm^ftftzm&ixiiiJj-thm 

Wimi^m^mmixm^i-^i^mm^b^ti 
«»2jififi^*iwi-&ai2jifiWiBg 

hf^2jfeti<BggtcJ: Dtgjgg^l^27fefi-t^gt 

^fflatT^-rg.m2^fflm§Pfci^2^g^<i5E 

tcj: Q^M«aMtgtifcB»23l£tt^^iMBL-Cffi^i-& 
»4,Q»gl3K<i#j:Kg2JLn y h 3 i P ^Bg23te<i 

ISfc (11^3 7 ) 

hmmcom^<r>zti?tiz%mt&%&mmw.b g 

2 m?tw i %»m?&%m%k, mim^ 
WB+&mi*wffibimiftwmG.t aaiM 
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vk. tm2m^mm-thm2^m^kmm2± 

&^thi&2ft?mm&kit%ts&23.-'vYk. m, 
i j.- y h Khcnm, 1 %^k mm 2 j-- 7 h a^co 

-mss) it. m%m%*G-?&micDm%z&ts 
xtaij^i%^mmsk. im*w&m^<nm>mk 

mm.ka^i. im.*M%wfiK mmkzmtm. 

tt-tzm2ftm^tizmmttm-&KftM®k. mm 
1 m^nmthw, 1 Kmw&kmm 1 mmtt 

1 ftfjuma® t mm 1 fttmmmz x 0 frm$mz ntz 
mm 1 xm^zmtikixia n^m 1 3Bw«fc 
%i3.--ybk. w.m2%m^cr>ft&zMm-t&m2tt 
mm^kim2^mmmmzx <9»&mm$i\tzmm 
2m^mmLxm^i-?>m2^m^k 352 
j-- ••/ 1- , mm 1 j-- -x h frbrtsm 1 jtefi^fcuas 

\m^mmm^k Lx^-tbit^wmk £ z% 

iXffi&ZiiX^&ZkZftmkLX^Z,. ^%B3c7)^ 
filyXfA (a^3g3 9) it. mtchfa&*tth®. 

^mjm^k Lxftjj?&K*mm.k . nafrMas 
mtti&Mamtt . g 1 3Ki#fc bis 1 

ftm^k lXjM±M@Mft&hM&£IiMMi!: 
X^lZbZfflib IT^S. *%BHQjfefea^-fi> 



mMixm^wm-tiwcomi^k, mm2m, 
mmmitm^k ix&ii-t&t:*xr>*wz&b* 

0>*ti*tL*g&i-bt:#x7)&fi&ibi**t. w& 
i . J8 1 BUB 1 ftff -^ifeK J: i) i lv 

*+iK2m*b£**&mt&mmb. tmi 
m**n&ixmirt-itnbe>mi&kb. m&2% 

tt*mL\JX&tthtsh0M2&kb. tt*l#» 
lcJ:'>T«fl|g<ifc»B13lMi^fcBag2¥«KJ:oT 

^smatmb Lxmjrtixzmimk **%tx 

•yTk. m&2m*&MttbXT<r7b. mmzn 
a^Hai (M§4 3 ) ji, ^&MM^t& 

k lx tuii-ti x^-v7k. W£3M&MMttffli3: 
m^Mu&*m&teM^kmmz$£ixmm 

tmtLxv^ 

[#^ffliE5] 

[HiW^fla^] 0 195 
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[0 195] 

artz^tx o %m&^ imj&m ft . 



imtUB] ¥iSL14*l 2M2E (2002. 12. 
2) 

[#&«jE5] 

[ffljE*rms«^] mm 

lttjEMm&%] 0 156 
[ffiiErtg] 



[0 156] 

( 1 ) FWMO»»i»£E-C*fti:kt>(C, **A<fll 

^t^Ea-r ft £ t -cawm < ft i t a*? 



*l*;i||IUil*lr+«K±/hffl+4TB l# 

mmm mm jtm 

«*;i|IIUi|<»»4'ffltK±^Ba4»4TI i# 
l-f s±jitt^#ttrt 



(72) «W* ft* 

#SJl|«il|«TW»fiKJi/hBB+4TB IS 
1* a±SIfl5$£ltl*l 
F?-A(##) 5F072 AB09 AK06 JJ20 KK30 YY17 
5K102 AA01 AA51 AA53 AD01 KA02 
KA03 KA07 KA08 KA32 MA03 
MB06 MH12 PH12 PHD 



